" 


s 


i 


"> 


THE 


QUARTERLY JOURNAL 


OF 


EXPERIMENTAL PSYCHOLOGY 


ATE 


EDITORIAL BOARD 


D. RUSSELL Davis 


R. C. OLDFIELD J. W WHITFIELD 

G. C. DREw M. D. VERNON 

G. C. GRINDLEY O. L. ZANGWILL 
Volume VII 


PUBLISHED FOR 
THE EXPERIMENTAL PSYCHOLOGY GROUP 
BY 
W. HEFFER & Sons LTD. CAMBRIDGE 


The Quarterly Journal of 
Experimental Psychology 


VOLUME VIL 1955 


CONTENTS 


H. M. B. Hurwitz. Response Elimination Without Performance - 


MARIANNE FRANKENHAEUSER. Experiments on Habit Reversal in the White 
Rat Following Electro-Convulsive Treatment - 


P. H. VENABLES. The Relationships Between P. G. R. Scores and Tempera- 
ture and Humidity - - E É - 


LANGDON, J. The Rôle of Spatial Stimuli in the P. 
PartI - = - 
Part II - - - 


erception of Shape: 


N. O'Connor and G. S. CLARIDGE. The Effect of Goal-Setting and Encourage- 
ment on the Performance of Imbecile Men 


J. W. GEBHARD, G. H. Mowsray and €. L. BYHAM. Difference-Limens for 
Photic Intermittence - 


RICHARD A. LITTMAN and EDWARD A. WADE. 


A Negative Test of the Drive- 
Reduction Hypothesis - - 


RoGER W. RUSSELL AND HANNAH STEINBERG. 
Reactions to “Stress” 


K. R. L, Hatt. 


M. A. ViNCE. The Relation. Between Hand Movements and Intellectual 
Activity in a Skilled Task - - 3 


JAMES Drever. 


Effects of Nitrous Oxide on 


Relation of Skin Temperature to Pain Threshold - 


Some Observations on the Occipital Alpha Rhythm - 


R. C. OLDFIELD. Apparent Fluctuations of a Sensory Threshold - = E 


ALICK ELITHORN and CATHERINE LAWRENCE. 


Central Inhibition—Some 
Refractory Observations - - 7 


R. W. MONCRIEFF. A Technique for Comparing the Threshold Concentrations 
for Olfactory, Trigeminal and Ocular Irritations 


J. LaNGDoN. 


The Perception of Three-Dimensional Solids 


Noise Discrimination 


R. L. Grecory. A Note on Summation Time of the Eye Indicated by Signal/ 


E + 
ARTHUR SUMMERFIELD and KENNETION MILLER, - isual Illusion and Figural 
After-Effect, with and witheuj-Fixa&din!. -< 2558% do^ = = 


oF) n 


NO ODD oe: 


Page* 


147 


149 


| 


Ga. SIDDALL and D. M. ANDERSON. Fatigue During Prolonged Performance 
ona Simple Compensatory Tracking Task - — - —- Et 


IAN M. L. Hunter. The Warming-Up Effect in Recall Performance  - - 


E. R. F. W. Crossman. The Measurement of Discriminability - - 


MISCELLANEA 


. 
D: E, BnoApBENT. A Note on Binaural Fusion - = 5 = z 


G. C. GRINDLEY., A Modified Form of Wheatstone's Stereoscope - - - 


BOOK REVIEWS 


Psychologie, Die Entwicklung ihrer Grundannahmen seit der Einführung des 
Experiments and Gesetze des Sehens. Both by W. Metzger (reviewed by 
O.L.Zangwil) - zo. n V WEN ox C 


Experimental Psychology Group: 


Proceedings, 1954 duh -. 3 


46 
98 


IOO 


48 


—— 


THE QUARTERLY JOURNAL OF 
EXPERIMENTAL PSYCHOLOGY 


Vol. Um , 1955 Part 1 


. RESPONSE ELIMINATION WITHOUT PERFORMANCE, 
BY [ } 
H. M. B. HURWITZ | a -— 


From the Department of Psychology, Birkbeck! College 


Hungry rats were taught to press a lever in order to obtain a small quantity of food. 
It has been shown that the strength of the lever-pressing response can be reduced by 
allowing the animals to explore the box without finding food. This result conflicts with 
à simple reactive-inhibition theory of forgetting and response-elimination. Three possible 
explanations have been considered: (a) that the failure to find food changed the motiva- 
tional condition of the animal; (b) that a conditioned drive, associated with the food-box, 
underwent extinction; (c) that a genuine response extinction occurred, and that this 
Could be accounted for in terms of a principle of reaction-chain acquisition and extinction 
Which differs in important respects from Skinner's (1938) and Hull's (1954) principles of 
conditioning. 


INTRODUCTION s 

Skinner (1938) maintained in his “law of the extinction of chained reflexes” that 
only members of a chain actually elicited undergo extinction. Hull (1943, 1953) 
Commits himself to an interference theory of experimental extinction. He asserts 
that in making a response there is added an increment to a drive state akin to “tissue 
injury, fatigue or 'pain' (which) tends to inhibit that reaction, i.e. to prevent the 
Occurrence of the response in question and possibly other responses" (1951). The 
&radual dissipiation of this drive state conforms to the conditions of a reinforcing 
State of affairs and, in accordance with Postulate 4, Principle of Behavior (1943), 
Should lead to the strengthening of stimulus-response connections. However, since 
the drive undergoes diminution when the animal is relatively at rest, the response 
being reinforced is that of being inactive. Thus experimental extinction is accounted 
for in terms of reactive inhibition and counter conditioning, i.e. of linking stimuli 
Previously related to the making of one set of responses (R) to other responses (Rs) 
essentially anithetical to the first set. In short, in order to obtain the ultimate 
elimination of a response, it must be elicited for two reasons: (a) firstly, to ensure that 
it will become associated with the “tissue injury, fatigue or ‘pain’” drive and (b) 
Secondly, to provide the drive (fatigue from work done). — 

In his recent book, Deese (1952) reports a few studies which showed, in opposition 
to the predictions of Skinner and Hull, that a response can be extinguished without 
its performance. Both Seward and Levy (1949) and Deese (1951) employed hungry 
Tats in a maze to demonstrate this extinction phenomenon. Whilst Seward and 
Levy used an elevated path leading directly to the goal box, Deese chose a U maze in 
his experiment. After the experimental group of rats had been well trained in the 
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maze habit, they were given an opportunity to explore the goal box from which E ! 
traces of food had been removed, without being made tó run through the S 
Subsequent extinction trials on the maze showed that the running response : NN 
become weakened as a consequence of this earlier experience. Control groups ga 
higher extinction scores than the experimental groups. me. 

In interpreting these experimental results it could be argued that the exp ora Ww 
of the enipty goal box involves the extinction of response tendencies based oni Wu | 
dary reward, so that the more rapid decline in response strength during the b A 1 
for the experimental groups is in line with theoretical expectations from Hull's theo E 
But this interpretation would not hold for the Skinner box. Here the animal » E 
consistently rewarded in the presence of the stimuli associated with the box, ge 
during initial training there is partial extinction of (a) exploratory behaviour, inclu ; 
ing trough-going responses; (b) responses to features of the apparatus which do E. 
lead to reward and (c) responses which must ultimately be fashioned into the relo i 
Chain. Thus only those cues distinctly associated with the arrival and npe af 
food acquire secondary reinforcing property. It could therefore be maintained e 
the box, per se, does not act as a secondary reward, but that this function is delega a 
to isolated features of the apparatus. If, therefore, the findings of Seward and Mes 
could be duplicated in a Skinner-box, its explanation would require some oth 
principle than the secondary reward hypothesis. 

The purpose of the present experim 


Tesponse in a Skinner-box could be par 
animal. 


cing 
ent was to determine whether the bar prese 
tially extinguished without being made by 


Subjects: The subjects were 12, 2-5 month old, male hooded rats drawn from the colony 
bred and maintained in the animal laboratory of the Psychology Department. 


essure of 2 gms. to move through Lin. The lever could be aut 


1 s 
matically presented and withdrawn by means of two large solenoids. The box Ww? 
illuminated 


perimental box in the following details: the leve” 

Was 1 in. square; the distance between lever and trough was reduced to 3 in.; the trough 

T; the box was not placed into the sound resistant case, but formed part of t T 

battery of cages in the laboratory; the feeding machine was of different design, and gave ? 
Sharp click when activated. 

It was possible to set up the leve: 


T pressing response in a few minutes, with a minimu™ 
of pretraining 


Records were obtained in two Ways: 


(a) Leverand trough responses were cumulatively recorded on two counters, Readings 
were taken at the end of each experimental phase; 


(b) Lever and trough responses were recorded on a fast moving tape against a time 
base. It was therefore possible to have a clear record of the serial order of the 
events, as well as a record of their temporal relations. 


PROCEDURE 

. For approximately two weeks before the first training session, the animals were placed 
into a special feeding-fasting-schedule apparatus which automatically made food available 
once daily for two hours. Three days before the training session proper, the animals were 
transferred to individual cages, and were given food (one hour) at the time at which they 
were to be used in the experiment. 

Day 1—Training: The subject was placed in the training cage. Some food had been 
put into the trough. As soon as the available food had been eaten, the experimenter 
operated the feeding machine 5 times in succession, at 15-20 second intervals. The 
lever was now strewn with bits of food and the animal was left to discover that lever- 
pressing issued food into the trough. The animals made 60 unassisted trials, taking 
from 1-1 hour. At the completion of the training trial the animal was given as much 
food as it could eat in 13 hours. 


Day 2—On the second day the animal was introduced into the experimental box. A 
few pellets were placed in the trough. The lever had been withdrawn and was only 
inserted after the food in the trough had been eaten, The animal was left in the box 
until 60-70 pellets had been eaten. Again the training session was followed by an 
extended free eating period. 

Day 3—90 pellets had to be eaten in the experimental box. 


-Day 4—On the final day of the experiment the following conditions were observed: 
(a) three pellets only were placed in the feeding machine. The animal was left in the 
box until it had made 4o unrewarded lever pressing responses; (b) in the second phase 
of the experimental session, the subjects were randomly assigned to one of three 
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groups: 
Phase a Phase b Phase c 
y GROUPI 40L 2 hours in the box, lever 


available 
GROUP II 40L 2 hr. 10 m. in home cage 
GROUP III 40 L 2 hr. in box, lever withdrawn, 4 hr. in box, lever available 
1o m. in home cage 


4hr. in box, lever available 


(c) In the final phase Group II and III were given a i hr. in the box, with the lever 
available. Group II had been taken out of the box and returned to the home cage at 
the conclusion of phase (a) for 2 hrs. 10 mins.; whereas Group III had remained for a 
further 2 hrs. in the box after phase (a) had been completed. However, the lever had 
been withdrawn after the 4oth unrewarded response. This group was removed from 
the box for 10 mins. before the final phase of the experiment, and was kept in the home 


cage in the intervening period, 


RESULTS 

Table I details the results of this experiment. The results are unmistakably in 
the direction predicted by a non-response extinction hypothesis. The experimental 
groups, i.e. Group II and Group III may be compared on the following items by means 
of the Mann-Whitney, non-parametric U-Test (Mann & Whitney, 1947): (4) differences 
in total number of lever-pressing responses (L) occurring during the final phase of the 
experimental extinction session, (P) differences in the total number of trough responses 
(T) made during the final phase of the experimental extinction session ; (c) differences in 
the total number of trough-responses made during the first extinction session. As 
regards the first two tests, U = O and p = 0:05; when the two groups are compared 
with respect to the number of trough responses made during the first extinction 
Session, the U-tests showed that the groups are not different, but derive from the 
same statistical population. Again, this result is in the expected direction, since 
the training conditions should make for homogeneity of behaviour under identical 
experimental extinction conditions. 
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DiscussioN 


The results of this experiment seem to support Seward and Deese's findings. It 
has been shown that the mere presence of the animal in the empty food box leads toa 
decrement in the strength of the critical response. Since we have ruled out that it is 
the extinction of secondary reward effects associated with the box which is responsible 
for this observation, it is necessary to look elsewhere for an explanation. 


(a) Response Strength and Habit Strength. 


So far the results Support the suggestion that an instrumental response can be 
weakened without building up specific reactive-inhibition. Since a weakening of the 
response could be attributed to a variety of factors, this result, in itself, does not 
force us to conclude that the response is being extinguished. It is consequentiy 
necessary to apply some additional criterion in order to establish whether the response 
decrement relates to performance ((SEr) in Hull's system of symbols) or to a direct 
weakening of the habit (sHr) being tested. The classical method of arbitration is to 
obtain spontaneous recovery scores (Pavlov, 1927; Ellson, 1938). If the response 
does not recover some of its original strength after a sufficient lapse between the 
extinction trial and the recovery test, we may conclude that the original experiment 
was, in fact, successful in breaking down the habit. On the other hand, a large 
recovery indicates that the previous decline in response-strength relates primarily to 
performance, so that little weakening of the habit has taken place. 


* TABLEI 
SSS VA ra P MENTA MEE 
Group Experimental Total L in Total T in | T in | T in 
Conditions jA phase (c) J$ phase (a) | phase (b) | phase (c) 
I | 2 hours free respon- | | 
ding 340 — 248 E Fe EJ 
2 274 e 234 17 = | * 
3 332 x 283 = iut Oa 
4 311 >= 239 a > | IN 
Il 1} 40 unrewarded L;| ro8 68 187 74 | M II7 
2 | followed by 2 hrs. 171 131 127 49 | S 78 
3 | 10 mins, in home 104 64 108 54 | = 54 
4 | cage and a final 3| 112 72 105 77 E 48 
hr. in apparatus, 
lever available. | 
III 1] 4o unrewarded `L; 88 48 259 So 136 | 43 
2 | followed by 2 hrs.| 98 58 163 70 58 | 35 
3 in apparatus, ro| 79 39 168 68 | 72. j| 28 
4 | mins. in home cage| 7o 30 168 65 | "TNI 3o 
and $ hr. in appara- | X 
tus, lever available, | 


Deese's conclusion that habit extinction has occurred in his experiment is based 
upon the application of a spontaneous Tecovery test. The experimental group was 
divided into two sub-groups. For one sub-group the “first four trials of the usual 
type of response extinction were give 24 hours after non-response extinction" 

It was argued that the difference in the experimental conditions between these two 
groups allowed for a comparison for spontaneous recovery from non-response extinc- 
tion to be made. However, since the comparison of scores failed to revea] a difference 


( 
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between the two groups, and in addition contrasted sharply with the recovery test 
scores from two control groups, Deese concluded that non-response extinction trials 
result in a genuine habit-strength decrement of the critical response. 

This conclusion can be challenged: the spontaneous recovery test holds only if 
the positive drive can be assumed constant and there are suggestions that this may not 
be so in this type of experiment. Thus, some recent experimental work on conditioned 
drives (Zeaman & House, 1950; Danziger, 1951; Calvin e£ al, 1953) as well as Hebb's 
1948) suggestive analysis of motivation, indicates that a situation which has been 
associated with a primary drive acquires the property of facilitating instrumental 
actions already associated with drive reduction. For example, in Danziger's (1951) 
experiments, two groups of rats were compared with respect to their performance in a 
Straightaway. One group of food-satiated animals, with previous experience of 
hunger and reward in the maze, performed more vigorously than a control group 
Which had the same acquaintance with the situation, but had never experienced 
hunger or reward in it. Furthermore, the former group ate when food was offered 
to them in the goal box, whereas the control group declined it. Calvin el al (1953) 
have recently published some related material: two groups of rats were placed for a 
Short time into a striped box 22 hours and 1 hour respectively after the last feeding 
Session. When later both groups were allowed to eat in the striped box, the 22 hour 
group ate considerably more than the 1 hour group even though the groups had been 
made equally hungry. Here we have support for the view that the mere concomit- 
tance of a situation and an unsatisfied drive suffices to link the situation with the 
consummatory behaviour characteristic of the drive. 

The importance of these, and other studies, on acquired drives for the analysis of 
experimental extinction is obvious: it increases the already existing difficulty of 
distinguishing between deterioration in performance and the breaking down of a 
habit. On the basis of present evidence, it 1s reasonable to assume that the Skinner- 
box has acquired conditioned drive properties. During unrewarded trials, this 
conditioned drive probably undergoes extinction so that the total available drive 
Strength underlying the performance of the instrumental response declines. Thus in 
explaining the present results, it could be maintained that the group which was 
confined to the apparatus for 2 hours without an opportunity of making the instru- 


mental response, underwent à drive-extinction, so that when the lever was presented 


at a later stage of the experiment, the drive conditions were unfavourable to further 
responding. In other words, the extinction of the conditioned-drive may serve to 


account for the statistically significant differences between our two experimental 
Sroups. On this interpretation our results do not support the non-response extinction 
thesis of Deese: it could still be argued that the habit-strength per se has not been 
differentially effected by the difference in experimental treatment of Group I and 


Group III. 


(b) Reaction-chain extinction. 


Our results may be interpreted in yet another way. It could be maintained that 


Group III which, it will be recalled, remained in the box for 2 hoursafter the lever 
had been withdrawn, had ample opportunity for trough-exploration. This should 
result in the experimental extinction of the trough going habit. Inspection of Table I 
favours this interpretation: Group HI made fewer responses during the final phase of 
the extinction trials. However, they made an average of 164 trough responses during 
the 2 hours in the apparatus, so that their overall median score for trough responses is 
266. When these results are compared with the number of trough responses made by 
the control group, it is found that the experimental group made slightly more trough 
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responses. However, this difference is not statistically significant, so that we con- 
clude that the two groups behaved in a. similar manner with regard to this item. 

To what extent does the extinction of the later members of a reaction chain affect 
the extinction of the initial members? The prediction derived from a simple reactive 
inhibition theory states that it should not lead to a decrement in the habit strength of 
the initial responses, except by way of generalization. Unfortunately, we lack 
experimental evidence on this point: the crucial experiment has not yet been per- 
formed. But at first glace it seems reasonable to suppose that the extinction of goal 
or near to goal, reactions should drastically affect the response-strengths of responses 
which have probably been conditioned on the basis of the secondary reinforcing 
function of proprioceptive cues. Thus, it seems consistent with Spence’s (1947) 
analysis of the goal-gradient phenomenon and its relation to secondary reinforcement, 
to predict that the extinction of a near to goal reaction undermines the response 
strength of earlier members of the reaction-chain since secondary reinforcers of the 
proprioceptive kind will have lost their reinforcing, behaviour sustaining, properties 
during these extinction trials. It should be noted, however, that this approach 
conflicts with a rigid reactive inhibition approach, though it is in line with what is 
known about secondary reinforcement, namely, that responses extinguish more 
rapidly in the absence of stimuli previously associated with primary reinforcement. 

It is therefore possible to interpret our results, as well as those of Seward and 
Deese, in terms of a reaction-chain extinction principle, which states that the extinc- 
tion of the initial members of a reaction-chain may be brought about by extinguishing 
terminal members of that chain. This principle conforms with Pavlov's discovery 
that conditioned reflexes elaborated on the basis of other conditioned reflexes undergo i 
extinction unless the latter are continually reinforced by the unconditioned stimulus 
(Pavlov, 1927, P. 33, P. 54). It furthermore raises a new problem: to date there 
exist a mass of data on the goal gradient, or gradient of excitation. Hull’s recent 
analysis (1954) has shown that goal gradient phenomena are explicable in terms of 
(a) gradients of primary reinforcement, (b) secondary reinforcement gradients, and 
(c) stimulus generalization gradients. Comparable data on extinction is not available, 
perhaps, because it was thought that the principles of habit acquisition apply» 
mutatis mutandum, to experimental extinction, though in fact, there is considerable 
evidence to the contrary. Nevertheless, it was Hull’s belief that experimental 
extinction phenomena were merely the reverse side of the learning process and í 
consisted of learning not to perform previously acquired reactions, | 
If our results, and those reported by Seward and Deese are examples of genuine 


Tesponse-extinction without performance, the explanatory value of the reactive 
inhibition theory of experimental extinction is weakened. 


I wish to thank Mr. B. M. Foss and Mr. A. R. Jonckheere fo: 
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and through the unfailing assistance of Mr. E. Wasservogel 
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EXPERIMENTS ON HABIT REVERSAL IN THE WHITE RAT 
FOLLOWING ELECTRO-CON VULSIVE TREATMENT 


BY 
MARIANNE FRANKENHAEUSER 
From the Psychological Laboratory, University of Stockholm, and the Nobel Institute 
for Neurophysiology, Karolinska I nstitutet, Stockholm. 


Rats in a T-maze were taught two opposite habits successively, the first being heavily 
overlearned compared to the second. One Sroup of r4 rats was then given a series of 6 
electroconvulsive Shocks. The control group of r1 rats underwent a dummy procedure. 

Tested Subsequently the control stoup maintained the second habit but among the 
shocked animals some adopted the second habit and some the first. This was no evidence 
of habit reversal, however, for the behaviour of the shocked animals at the choice point 
Was not distinguishable Statistically from random behaviour. 


The data of earlier workers are re-examined and, in all cases, animals said to have 
undergone habit reversal act as if at random. 


I 
INTRODUCTION 
The habit reversal theory is an attempt to account for the therapeutic effect of 


convulsion therapy in psychiatric disorders. The theory holds that convulsive shock ` 


more easily disorganizes recently acquired habits than those acquired earlier. In 
the case of the patient it is assumed that the old habits correspond to a normal 
adjustment and the new habits to abnormal behaviour patterns. The treatment 
weakens the recent acquisitions, and the earlier normal behaviour is reinstated. 
Experimental Support for this theory was offered by Rodnick (1942) from experiments 
on metrazol-treated Schizophrenics. Duncan (1948) claimed that a single electro- 
convulsive shock produces habit reversal in rats trained on two simple maze habits 
insuccession. Braun and Patton (1950), also utilizing maze learning in rats, concluded 
that a series of 12 electroconvulsive shocks give rise to habit reversal only provided 
the second habit in the learning sequence is relatively more difficult. 

Duncan's conclusions were not supported by a preliminary experiment by the 
present author in which one electrical convulsion was given. 
seen. The present investigation was planned to give a better chance for habit reversal 
to manifest itself. The first habit was overlearned for a considerably longer time than 
the second, so that reversal to the first habit might be facilitated. Furthermore, six 
shocks were given instead of one. The conditions, it was thought, might also approxi- 
mate more nearly to the clinical situation. Nevertheless, no evidence of habit reversal 


II 


: They were maintained on water and 
a stock diet. (Animals and composition of diet were kindly provided by Professor E. 
Brunius, the National Institute of Public Health, Stockholm.) At the start of the experi- 
ment the rats were 38-44 days old. Two tasks were taught in Succession, turni 
right and to the left in a simple T-maze in order to obtain a food reward, 
hunger drive served as motivation. Before learning began, the ani 
preliminary training in the maze in order to Secure adaptation to the e 
tion. First each rat was allowed to explore the maze freely for 6 tri 
Spread over 3 days. No food was available in the maze at this stage. 
to train each animal to eat in the straightaway of the maze by 15 trials 


mals were given 
Xperimental situa- 
als of 3 min. each 
The next step was 
Spread over 3 days. 


—————— 
mee 
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Learning period. 


The training of the two habits was accomplished in the following manner. First, 12 
rats were trained to turn to the right for a food reward (0-2 grams) and 13 rats to turn to 
the left (Habit I). Then each animal was trained to turn in the opposite direction to 
reach the goal (Habit II). The criterion of learning was arbitrarlily chosen as 4 correct 
Out of 5 consecutive trials. Ten trials a day were given. The training of habit I was 
Continued until each rat had completed 120 runs after reaching the criterion. Training 
for habit II continued only until the rats had made 30 runs after reaching the criterion. 
On the basis of their performance in learning habit II the animals were divided into an 
*Xperimental group of r4 animals and a control group of 11 animals. (One of the experi- 
mental animals accidentally got a subconvulsive shock and had to be excluded.) 


The electroconvulsive treatment. 
.^ The electroconvulsive treatment (ECT) was started 8 hrs. after the last learning trial. 
Each animal in the experimental group had one shock a day for 6 days. The convulsion 


Was induced with a 35 mA alternating current from the secondary of a transformer applied 
ies resistance served to minimize variations in 


lor i sec. between the rat's ears. A seri 1 T 5 
current strength due to changes in skin resistance. Saline-soaked clip electrodes were 


used. The current induced a convulsive syndrome of the same nature as previously 
described (e.g. Braun el aL, 1949). In order to insure similar conditions for control 
animals they were subjected to a dummy procedure which was the same except for the 
Shock, 


Retention trials. 


24 hours after the last ECT the rats were ret 
& free choice between the two habits previous 
*àch rat had made 20 runs. 


urned to the maze. They were now given 
ly learned. Trials were continued until 


III 
RESULTS 

e ) iteri ing habit I was 

The mean number of trials needed to reach the criterion of learning 
22 + 0:52. The training was continued until each rat had made r20 runs after 
Teaching the criterion. Thus a high degree of overlearning had taken place. The 
number of trials needed for learning habit II was 7:38 +119. The second habit was 
trained until each rat had made 30 runs after ou criterion. The overlearning 
of habit IT was thus considerably less than of habit I. ; 

The iere in habit choice of experimental and control animals after ECT and 
Test period is described below. Habit preference, eR n not the oa RM in 
Which the behaviour of the two groups differed. RER dc RR E 

er a : R n behaviour. They became 
€xperimental animals started to display certain changa i d 4 
a als star to analyse th 
tense and irri difficult to handle. No attempt was mace to analyse these 
Symptoms Vp ce noted in connection with ECT by previous investigators 


(e.g. Hunter & Brady, 1951; Porter ef al., 1948). 


Habit choi r ECT or rest period. 
The MEAT of the control Hos LEM t period was extremely 
Constant, ro rats consistently chose habit . a S 20 ne d the preference was 
he same as immediately before the ra pee : Fa $3 ose habit II in the first 5 
trials and then changed over to iid eE a dun eit control group the experi- 
Mental animals showed a pronounced c 1ange and variability in maze behaviour during 


à < trials. ; F 
e m post shor aa ts in experimental and control groups will now be c ompared 
he choice o Yates’ correction as a test of independence. Table I shows 


usin; isquare with 3 SENS à 
the E first test trial. In the experimental group only 4 rats maintain the 
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recent habit while 9 reverse to the old habit. The value of X? = 941 (df = 1, 
P < oor). Thus the difference in habit choice between the two groups is significant. 
When chi-square is calculated for the habit chosen on 4 out of 5 consecutive trials 
(Table IIT) the value obtained is 4:53 (P < 0-05), thus there is still a significant differ- 
ence between the two groups. 

The control and experimental animals thus differ in their habit preferences, the 
controls consistently choosing the habit that was dominant immediately before the 


alternative, chi-square was calculated between experimentally obtained values and 
values to be expected at random choice (Tables II and IV). The first test trial yields 
a value of X? = 1-23. In the case of the habit chosen 4 times out of 5, X? = 0:00. 
nificant difference can be demonstrated. The choice between 


curs as if at random and no experimental evidence of habit 
reversal is offered. 


TaBLES I — IV. X*-ANALYSIS OF THE HABIT CHOICE. 


E: Experimental group o: obtained value I: habit I 
C: Control group €: expected value II: habit II 


HABIT CHOICE IN FIRST TEST TRIAL 


TABLE I TABLE II 

I II I II 
Eo 4 og 
CO II e 65 6:5 
X? = 91 X? = 1:23 
P «oor P 20:20 


HABIT CHOSEN ON 4 OUT OF 5 CONSECUTIVE TRIALS 


TABLE III TABLE IV 

I LE L II 
E6 7 o6 
Co II e 6:5 6:5 
X? = 4:53 X? = 0-00 
P «005 P >0-20 

IV 
Discussion 


In interpreting the effect of ECT on habit preference there are two distinct 
questions to be settled, (a) is there a significant difference between the shocked animals 
and the controls and (5) if so, what change has occurred in the habit pattern of each 
group? 

The results of all workers have shown (a) to be Significant, but insufficient atten- 
tion has been given to the analysis of (b). Previous investigators actually did no 
further analysis, merely concluding that the change of the shocked animals must be in 
the nature of habit reversal. When, however, the chi-square test is applied to their 
data in the same way as above to test deviation from random choice, no Statistically 
significant difference is found. (Chi-square for Duncan’s results yields a value of 
2:45 (p > oro). For Braun’s and Patton's results, the corresponding value is 2:77 


— 


HABIT REVERSAL FOLLOWING ELECTRO-CONVULSIVE TREATMENT II 


(P~ oro). The control animals persisted in the habits most recently learnt, but 
shocked animals differed from them, not in reversal of habit but in loss of habit so 
Pet habit choice in the test trials became insignificantly different from random 
choice. 

The fact that habit choice in all these instances is not distinguishable from random 
Choice is not proof that habit reversal does not occur, or could not occur, under 
different experimental conditions. But the arguments needed to maintain such 
Views now become more far fetched, and the more special the conditions necessary to 
demonstrate habit reversal the less useful it is likely to be in explaining clinical 


Observations. 


; This investigation was supported by à grant from Bokfórlaget Natur och Kultur, 
Stockholm. 
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THE RELATIONSHIPS BETWEEN P.C.R. SCORES AND 
TEMPERATURE AND HUMIDITY 


BY 
P. H. VENABLES 


Council, Unit for Research in Occupational Adaptation, 
Maudsley Hospital, London 


From the Medical Research 


Following an incidental finding that psychogalvanometer response measures ae 
related to temperature and humidity readings taken at the same time, the nature of 
relationship was examined in greater detail. 1658 
A sizeable relationship between temperature and conductance response meu a 
found only in a neurotic group and only above an effective temperature of 66° F. IM 
relationship appears to be a function of the position of the response within the I 
experimental session, and may be dependent upon the relative excitation, or recov Scd 
from excitation, of the subject. Humidity in general, affects only the basal conductan ds 
level and, does so in both normal and neurotic groups. The relationship between tem 
perature and humidity is probably a complicated one and cannot be corrected for b} 


5 ; a ER EMI ; idity 
simple regression except if the majority of scores be within a particular range of humidity 
readings. 


I 
INTRODUCTION 


psychogalvanometer as an instrument to investiga 
ormal and neurotic subjects were found to be subjec à 
ce of temperature and humidity. The work describe 

ed examination of relationships between P.G.R. meas 
ures and readings of temperature and humidity observed simultaneously. ; It 1s 
realised at the outset that the results reported here cannot be more than indications o 
interesting relationships which may be further investigated at a later date by experi- 
mentation where temperature and humidity can be subjected to control. ; E 

Not a great deal of work has been undertaken to determine the effects of climatic 
variables on the psychogalvanic reflex. What results have been achieved tend to be 
inconclusive and contradictory. This may be due to the variety of techniques 
employed in the measurement of the P.G.R. and because variables are more often 
than not considered as factors to be controlled or eliminated than variables to be 
examined in their own right. f 

Assessment of the findings reported in the literature to date is difficult in view 9 
the variety of techniques used and the differences in ranges of climatic variables- 
Nevertheless an attempt will be made to find some pattern among the results reported, 
for this may help to clarify the present findings. 

Kuno (1934) noted that his researches on human 
view that the psychogalvanic reflex is due to activi 
"A great number of observations have been made 
high room temperature, and none has failed to 
increase at all when a profuse sweating is produ 
On the other hand he produced evidence to show that mental work does produce 
palmar sweating at ordinary room temperature. At higher temperatures (86° F.) 
mental work is said to have no effect on palmar perspiration but it may still increase 
Sweating on the general body surface. Finally when room temperature is consider- 
ably raised (115? F.) mental work exerts a pronounced inhibitory effect on the sweat- 
ing of the general body surface, while palmar perspiration remains uninfluenced or 


Results of work using the 
differential responses among n 
to variation due to the influen 
here is the product of a detail 


perspiration strongly support the 
ty of the sweat glands and states 
on the perspiration of the palm at 
confirm the view that it does not 
ced on the general body surface." 


| 


? 


— g 


P.G.R. SCORES TEMPERATURE AND HUMIDITY Im 


Shows a slight tendency to decrease. Conklin (1951) finds that skin conductance 
changes significantly for palms, wrist and forehead, with changes in effective tempera- 
ture. At higher temperatures the conductance increases, at lower temperatures it 
decreases. Unfortunately Conklin used a rather restricted range of high effective 
temperatures (75:4, 80:5, 85:1? F.), and his conclusion, "That changes in effective 
temperatures are reflected in the level of skin conductance, regardless of area palmar 
or non-palmar," is of limited value. 

, Duffy and Lacey (1946) have published an incidental finding that basal resistance 
1S not related to temperature. Testing was carried out at a temperature around that 
of the maximum temperature used by Conklin. This finding is supported by Cattell 
(1928), Smith (1937) and Freeman and Giffin (1939). However, the latter two studies 
are based on work on only six and one subjects respectively, and the last reports 
only the result of graphical examination of the data without statistical check. Wenger 
(1948) gives a considerable amount of data on the relationship between environmental 
Variables and three P.G.R. measures. Working at about a mean temperature of 
ios. (exact means or standard deviations are not given), he found a correlation of 
7-06 between palmar conductance and temperature with 151 normal subjects. 
Unfortunately we do not know how far this small correlation is a function of a 
Testricted range of temperature, or whether the high mean temperature leads to an 
effect similar to that reported by Kuno. A measure of Log Change in Conductance 
taken while the subject was under considerable muscular strain showed a correlation 
of —29 with the temperature of the testing room. On a second occasion this 
dropped to —-o86. Turning to the effects of humidity we find correlations of — 14 
and —-o8ọ between humidity and Palmar Conductance, and +--06 between humidity 


and Log Conductance change. No data for the mean or range of humidity measures 
are given. These findings of lack humidity and skin resistance 


of relation between 
are supported by the work of Smith (1937) an 


d Freeman and Giffin (r939) cited above. 
. The findings of these workers may, it is thought, be taken to provide several general 
Indications. Tf at all there may be a positive correlation between palmar-conductance 
evel and temperature. When the subject is under some degree of excitation, either 

Y performing mental arithmetic, or some muscular task, an Wi ae temperature 
may be shown to have a depressing effect on the production S palmar sweat which 
Would normally occur at ordinary room temperature. We x v therefore expect a 
Negative correlation between temperature and a measure D c Xr «i palmar con- 
ductance during a task. It should be noted, however, iE. ne Ferk cited only 
Indicates expectation of these correlations in temperat above 75 Td that the 
findings are from work carried out on purportedly EMEN P d enger's work 
Indicates some very low negative correlations between aie VE palmar con- 
ductance, and a further near Zero correlation between humidity and low conductance 


Change ; 
ROT 3 i t on two groups of subjects, one a no l 
The work bed was carried ou VO/EEOUps 0! , ont rmal 
Pari ork S be de le other à sample of neurotic patients ina psychiatric hospital. 
was h e S sd whether the tentative expectations indicated from the work 
tevin, "s ius supo rted at temperature ranges more usually found in this 
SACO g ndings in à normal group would be paralleled inaneurotic 


Country, and whether the fir 


Broup, ul 
METHODS 
E ra 
Pbaratus olved a valve-voltmeter type circuit operating a recording milli 
ia- 


The apparatus jnvolv di f th tenti ifi 
paratu tinuous readings o e potential differenc 
me ap contir E > € produced ac 
peur Ear ofa virtuallv constant current of ro micro-amps. The Se the 
v the o 
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milliameter were d face Ol 
diameter plated discs set in Sponge rubber 11 in. diameter placed on the palmar sur. 


Details of Measurement 


Percentage conductance 
as it was found to be independ 


were normally distributed. Other recommended measures, c.f. Lacey and Siegel (i 

such as conductance change and log conductance change were not found to s 

criterion of independence. ighest 

Five DCN Ene ides Were used, these were: Basal Conductance (BC), me hipa 

el of conductance reached in the last minute of a 4-minute rest period, and | AE, 

centage Conductance Change scores (PCC1 — 4) measuring change during a practic E Tes 

and two testing periods on a psychomotor task, and during a subsequent two min 

period. 3 A ; to give à 
In order to clarify future descriptions of the results obtained it is ues etd response 

a psychomotor task referred to above. The task involve dtan 
i , under stimulus conditions which increase 


during a practice period on th 


conditions were increasing, and PCC3 while they were decreasing in complexity. 
Measures of wet- and d 


s; of 
ry-bulb temperatures were taken at the time of connec E 
the electrodes, a whirling hygrometer being used for this purpose. These measu ing the 
converted into measures of Effective Temperature, and Relative Humidity KAE aa 
tables and charts given by Bedford (1946). For this purpose the air velocity was a: 
to be zero, as the work was carried out in a room with doors and windows closed. 


Subjects 


s 3 ` m 18 
The normal industrial sample consisted of 210 male subjects with ages ranging Eor br 
to 46 (mean 28-1 + 7:5) years. The patient sample comprised 52 psychoneu de 


E 9+ 85 
patients ina psychiatric hospital; their ages ranged from 19 to 48 years (mean 32:9 + 
years. 


III 
RESULTS 


o F, for 
The mean effective temperatures were 64:9? + 2-38? F., and 66:36° + 2:85° F id 
the period during which the testing was carried out with the normal and D E 
ETOUps respectively. The corresponding figures for relative humidity were 57 2 ly 
5°74 per cent. and 60-2 + 6:94 per cent. Temperature and humidity were o 
distributed within the normal group, but the distributions for the neurotic-group vel 
Period showed some deviation from normality. In view of this, and the relativ 
small numbers involved in the second case, non-parametric statistics were used. be 

It was considered that effective temperature and relative humidity could in 
treated as independent variables in view of their insignificant correlation, —-133 } 
the normal and —-03 in the neurotic samples. 

Ten scatter diagrams were drawn for each group to show th 2 
Effective Temperature, Relative Humidity and the five P.G.R. Scores. Array mean 
for temperature and humidity were determined, and the resulting plotted regression 
lines were examined for evidence of curvilinearity. In the case of the normal group, 
the regression lines showed insufficient evidence of curvilinearity to justify expendi- 
ture of work in testing for it. Product-moment correlation showed Some relationships 
of a small nature which were in some cases significant with the large size of sampler 
but in no cases did temperature account for more than 3 Per cent. of the variance o 
the P.G.R. scores. These coefficients are shown in Table I. 


e relationships between 


P.G.R. SCORES TEMPERATURE AND HUMIDITY I5 


TABLE I 
CORRELATION oF P.G.R. BASAL LEVEL AND RESPONSE SCORES WITH ErrECTIVE 
TEMPERATURE 
— — — MÀ 
Neurotic group 
Normal group 
n = 210 n = 52 n — 29 Ibi 2o 
Variable Total Above 66? F. | Below 66? F. 
r P tau B tau E fe 
Basal conductance BC +162 x:05| dI -61| +15 658 | —10 9 
€rcentage conductance 
change 
ope task practice 
] * period E i ee : ds E Ó X 
by PCCr| —141: «o 1s d ; 
| Motor task, easy- ; 1 
„ficult BOCs | pray 305 | iron ER Á M 
| A puer task, difficult- 
bo Ke ome sosea ae 05  2U9 03 9 
| Second rest period PCC EA 22:05 |. F42 sor} +°51 +02 06/9 


eal 


nce of curvilinearity was shown on some of the 

Scores. In view of the small numbers in the sample and the distribution character- 
Istics, it was decided to seek statistical evidence of curvilinearity by using Kendall’s 
rank correlation method (tau) as applied to a fourfold table by Whitfield (1947). 

| The P.GR, score was dichotomized at the mean, and the temperature at 66° F., 
Which in addition to being the mean temperature for the group appeared to be the 
Point of inflection of the regression lines. A correlation coefficient was calculated 
Or this f, 

T esters. te similar coefficients were calculated for the temperature ranges 
above and below the mean point 66^F.; the upper range being dichotomized at 
ul 68° F, and the lower at 64/63? F. The resulting po quip Nen E I. 

here it wi ° F is in no etween 
ere it will be seen that below 66° T- ea that point, correlations range 


emperatu scores. However, above 
j tom Rd percentage conductance change score and temperature. 
J 
į 


With the neurotic sample, evide 


n interesting feature which may be of relevance is a PE ii 1e bee 
Tom negat; BU di eriods. ‘This should be considered in relation ` 
ative to positive in succeeding Perm” =". : 
to the St obahila ‘eas in the subjects’ excitation in periods 1 and 2, and the decrease 


E (aes 3 and 4. bet 
à i etv s 

ifference m E ue Need KHE correlation 1n à ates group aa temperature 
and P.G.R. response in the first minute after the F ps Ne 1al rest period is —-42 
(P- on) above 68° . dry bulb tempere em Iph e E 

ulb temperature of 68° F. is of similar orae e xs effective temperature of 66° F. 
Ina decer roup there was n9 eyidence em iura ; 

iMd of the scatter DEST. SOOWIDE. o between Relative 
Mearity in shen the normal or paor foe ok a iae ps product moment 
Correlation on the normal 8" S ias e scores and Pe vx e neurotic, group 

tween percentage conductance s ative humidity over the total 


Tange of the latter variable- 


veen PCCx and temperature is suggested by 
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TABLE II 


CORRELATION Or P.G.R. BASAL LEVEL AND RESPONSE SCORES WITH 
RELATIVE HUMIDITY 

T | . : 

Lan Normal group Neurotic group 

Variable 


| 
| | 
n = 210 | n = 52 

| r D tau P 
BC <-001 —':21 :23 
PCCr 05 —'14 48 
PCC2 205 —:21 “21 
PCC3 205 —49 OOI 
PCC4 4-118 >:05 “09 68 

I 


No significant relationships were found with data from the normal group; and 
only in the case of PCC3 was a significant relationship found in the neurotic group. 
Itis of interest to note that this was a conductance change score on which no relation- 
ship with temperature was shown; it may be that the effect of humidity is secondary 
to that of temperature and is evident in the absence of prior effect of temperature. 

Examination of the regression of basal conductance on relative humidity suggests 
that there is curvilinearity of such a nature that there is a positive correlation between 
humidity and basal conductance above 66 per cent. RH; between 66 per cent. and 
54 per cent. this correlation becomes negative; and below 54 per cent. the correlation 
Heer penye The negative correlation in the central range of humidity is quite 
E x m Me group tau — —:30, P = -00009; the neurotic group tau = 
a B Qm M 5 apparent positive correlation above 66 per cent. may be 
or rd T ased on too few figures to allow a test of significance; it n 
Co eue d Tar pe in both groups. Below 54 per cent. there is a ran 
S ENS 21 (P = -31) based on 20 cases from the normal group. The 
M ESSA correlation of —-623 between humidity and basal conductance 

rma! group is no doubt due to the fact that the variance in humidity 
range to that mainly covered by the negative regression. A lowe 
t correlation of .— 148 on the neurotic group is possibly found 
Deae -normal distribution capitalizes on the positive correlation 2f 
e humidity distribution. The variance of humidity scores in the neurot!® 

great as that in the normal group. 


IV 
Discussion 


ag ee findings present some problems which further investigation may clarify: 
i € moment only Speculation is possible. Tt is suggested that the finding that 

ere 15 a point at which neurotics are affected by temperature whereas normals d? 
not show such a point, is because the threshold for normals was not hed in the 
range of temperatures involved. The maximum effective temperatu ue gx 
was 73° F. The work of Conklin and Wenger reviewed in the introdu ti qe that 
in manifestly normal subjects temperature does affect P.G.R. res a eres at 
DE above 75? F. Gigs mast ae 

€ change in sign of correlation with temperature at diffe 

the session in which the P.G.R. Sica AR CRUS were taken aoe SE SR th rone 
problem. One hypothesis which can be advanced is that the neurotic y E 
being sensitive to the effects of temperature at a lower point than S a 


[am ———— ——— í€— ÀÀ A 
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handicapped by a deficiency of excitatory potential and exhibits a mechanism analo- 
gous to Skinner's (1938) "reflex reserve.” The negative correlations between increase 
in conductance and temperature in the practice and easy-difficult periods of the motor 
task would then appear because the increase in motor excitation required for those 
conditions made itself felt in a deficiency of autonomic excitation. In the difficult- 
easy period of the motor task and the subsequent rest period, when the P.G.R. 
response-temperature correlation coefficient changes to positive, the organism is less 
concerned with motor excitation and is able to divert its potential into autonomic 
channels. Wenger’s work shows a similar negative correlation (—-29) between log 
conductance change during a period of muscular tension in a normal group, at a 
higher temperature; but his work did not provide a period which might have given 
confirmatory evidence for a positive correlation in a rest period. 

A further point of interest is the significant correlation of PCC3 with humidity in 
the neurotic group, this being the variable on which no effect of temperature is shown. 
A possible explanation is that humidity appears as an effect secondary to temperature 
where response scores on a neurotic group are concerned. The effect of humidity on 
basal conductance is not clear, and, although in general the correlation between these 
variables seems to be negative, the suggestion that there is a positive correlation 
above 66-68 per cent. relative humidity seems to be more susceptible of a common 
Sense explanation. Blank and Finesinger (1946) show that an aqueous film such as 
Sweat, acts to increase the effective size of an electrode, thus if evaporation is pre- 
vented by the high humidity of the atmosphere it would be expected that a higher 
conductance would result. It is suggested that the non-linear regression found is a 
Product of the interaction of opposing forces. The negative correlation may be due 
to some physiological mechanism, the positive to a simpler physical one. A physio- 
logical mechanism which gives a possible explanation of the negative correlation 
reported above is that described by Dugge (1928) who states that damp weather 
Produces high palmar resistance due to thoracic pressure on the vagus nerve. — 

These findings resulting from observational rather than experimental climatic 
data cannot pretend to be conclusive. However, they appear to be of sufficient 


interest to warrant further investigation. 


s — , : rai h the co-operati f 
m 3 t subjects were made available through -Opi on o 
Dr, a o ern duris are dus to Mr. A. E. Maxwell for statistical advice and to my 
Colleagues Drs Eisler Heron, O'Connor, and Tizard for comment and criticism, and 


advice, 


REFERENCES 


BEDFORD, T. (1946). Environmental warmth and its measurement. H.M.S.O., War 
Bea doe A f nenen J. E. (1946). Electrical resistance of the skin. Arch. 
cea xw ie "t 344977 ificance of actual resistance in psychogalvanic experi- 

ments, Brit. J.P Loco E 2 acting the general level of electrical skin resist- 


D general level of pain 
nore M ae aie oder Föhn? Schwz. med. Woch., 9, 614-616. 
Buses CUI. and GIFFEN, L L. (1939). Measurement of general reactiv 


ie o M pe Physiology of Human Perspiration. London. 


I8 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


Lacey, O. L. and SIEGEL, P. S, (1949). An analysis of unit of measurement of the 
galvanic skin Tesponse. J. exp. Psychol., 39, 122-127. 

SKINNER, B. F. (1938). The Behaviour of Organisms. London. : the 

SMITH, C. E. (1937). The effect of changes in temperature and humidity of the air on 
apparent skin resistance, J. Psychol., 3, 325-331. el 

WENGER, M. A. (1948). Studies of autonomic balance in Army Air Force personnel. 
Comp. Psychol. Monogr., 19, No. 4- ich is 

WuitFieLp, J. W, (1947). Rank correlation between two variables one of whic 
ranked, the other dichotomous. Biometrika, 34, 292—296. 


d 


Surround cues play an important part in ‘per 


THE ROLE OF SPATIAL STIMULI IN THE 
PERCEPTION OF SHAPE. 


PART I. 
BY 
J. LANGDON 
From the Institute of Experimental Psychology, University of Oxford 


Arising from earlier studies of shape constancy (Langdon, 1951; 1953) an attempt is 
made to examine the róle of spatial-surround cues in shape perception, as distinct from 
Cues provided by the object. 4 series of shapes is compared in total darkness, firstly with 
Shapes stationary and secondly with shapes rotating continuously. The findings are 
compared with those obtained in normal illuminated surrounds. The results indicate that 


ception of orientation, and hence perception 


of shape. An explanation is suggested involving the use of surround cues as “anchorage” 
or “reference” frames. This is investigated further in Part II of this paper by an attempt 


to modify the character of the surround cues in a controlled way. 


INTRODUCTION 
Langdon, 1953) attempted to examine the 


A recent paper by the present writer ( 
Koffka (1935) as applied to the perception 


theory of invariance originally proposed by 
of shape and orientation. In the course of this investigation comparisons were made 
between procedures using stationary. objects and others involving continuously 
rotating forms, and it was shown that differences exist between these two types 
of situation. 
It was considered nevertheless, that none of these differences prevent the second 
type of situation being regarded as equivalent to the first. On the contrary, the 
essential aspects of the constancy situation were preserved and enhanced. Subjective 
Psychological factors were stabilised and conflicting supplementary cues emanating 
from the surfaces of forms could be removed whilst the level of constancy and accuracy 
of estimation of shape was raised. 1 3 
. At the same time, inspection of actual scores reveals discrepancies which, whilst 
in no way vitiating the conclusions of the study, do suggest a further line of enquiry. 
In Experiment Series I (p. 94) the control situation was inspection of the forms 
exhibited as silhouettes in a darkened room. For this condition all subjects made 
an estimate corresponding to stimulus equality (retinal image), and this was interpreted 
after the manner of Thouless (1931) as due to the absence of textural cues giving 
information on the slant of the surface seen in projection. _Later in the same study 
Stationary wire-outline forms were viewed under normal illumination by subjects, 
resulting in the following estimates:— 
TABLE I 


roR WIRE OUTLINES AND SOLID SHAPES MATCHED IN STEP- 


Constancy V ES x 
NSTANCY VALUE! OR IO SUBJECTS. 


BY-STEP SETTING F 


Bo? | go? | 60° | 50° | 40° | 30° | 20° | ro? 
7 — | ess| e| 97 | o8 | or | 0-08} 0-06 
Wire Outline © "| 34 | 4-05 | 55 | 676 | 424 | 4-12 | 4-06 p 
Saas " -25 | o19 | O-1Q | oT o d 
s Shape ..| 0:29 P. 3 07 0'05 
Selig TE {| 2-12 | 223] 3 o8 | 3:16 | 4:0 4:00 | 3:87 H 


I9 
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In previous papers (Langdon, 1951; 1953) it was shown that in the absence V 
textural cues, perception of tilted shapes approached retinal-stimulus value when t i 
shapes were stationary. Since rotation of the shape tended to restore perceptua 
constancy it was tentatively suggested that the gradient of retinal stimulation na 
produced was the sole determinant in perception of real shape. The data of Table : 
however, make it clear that such an hypothesis is over-simple, for they show tha| 
constancy is still present for wire outlines even when these are stationary. í 

Neither the silhouettes nor the wire outlines afford direct cues to judgment 9 
their orientation (and hence, their shape), and in this respect the two situations are 
similar. Nevertheless, total field conditions are completely different, for the silhouettes 
were viewed with much reduced room lighting, thus reducing spatial cues, whereas the 
wire forms are seen under full illumination and the frontal-parallel plane is readily 
located through Strong perspective indications. Thus while object cues might E 
slight, there remained Strong anchorage from points of reference within the genera 
visual field which were absent in the case of silhouettes viewed in dim light. This 
Suggests the need to study the possible réle of the spatial surround. 

In discussing phenomenal constanc: 
importance of the visual framework, citing the work of Wertheimer (1912), who 

hting, with passage of time, toward true vertical, of the image 
The controversy between Gibson & 
mpetus to detailed studies of visual 


and in turn showed that without a visual frame b 
ized, whilst Duncker (1929) developed a number 9 
ominant róle of the spatial surround. 

cept of “frame of reference" has become universal, 
c the psychological orientation of different groups of theorists. Thus 
Gibson (1950; 1951) has given a general formulation in developed Gestalt terms, 
whilst Ames and his associates makes it the basis for “assumptionist” views (ef- 
Ittelson, 1951; 1951b) in sharp opposition to Gibson. In turn, Piaget (1948; with 
Lambercier, 1951) has attempted a fusion of both approaches, suggesting the progres 


Sive "axiation" of visual space through the internalization of movements of objects: 
The creation of such 


momentary stimuli wi 
Side, withi i 


orientation of objects depen 


upon th independent of sensory 


information from other modes. 


perceived with body tilted, and in the second place the sti 
Thus in the case of the stationary out 
the case of rotation a deformation of the retinal 


to a three-dimensional form. These distinctions will become cle 


proceeds. 


Di 


MN ade 
AVI 
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But it would seem, from what has already been said, that a repetition of earlier 
experiments under more rigidly controlled conditions and in the absence of all spatial 
cues might help to establish conclusively (a), the-róle of rotary movement in percep- 
tion of the true shape of the form, (b) conversely, to'demonstrate the importance of 
general space cues in normal perception, and (e) provide additional corroboratory 
data as regards the theory of invariance (i.e., changes of constancy through the 
arc of orientation). 

Nevertheless, such evidence could not, by itself, be regarded as conclusive in 
demonstrating that rotary movement provides the means of appreciating the true 
Shape of a form. For such evidence would only indicate that in the absence of general 
spatial cues these object variables were effective. It would give no indication of the 
róle of the latter in the presence of normal space cues, of whether the "information" 
Supplied by the object and by its setting is integrated, and whether the congruence 
of these two groups of stimuli is in fact necessary to normal veridical perception. For 
to say that perception of shape is in any way dependent upon general space cues raises 
at once the whole problem of the conventional definition of shape. - i : 

The ordinarily accepted definition of shape is not concerned with its spatial setting, 
but the full significance of this concept cannot be realized without resort to charac- 
teristics of the surrounding visual and spatial field. Insofar as the space realized by 
Perception is one in which physical events take place (and thereby define the space), 
à definition of shape requires to be qualified by reference to the space in which it has 
its being, in which it is set. But if physical (and visual) space is realized solely by 
events (or the activity of objects) it cannot be explicitly defined since there is nothing 
“outside” this activity with which to contrast the internal description of space. 

To carry out an experimental definition of shape in terms of space it is therefore 
quite useless merely to eliminate stimuli giving rise to visual space, since if the 
hypothesis already put forward is correct, self movement of the object will tend to 
give rise to the space of physical movements (euclidean) whilst a stationary object 
in a dark field results in a retinal projection (perspective). Such a study requires the 


Presence of a space which, whilst tridimensional, is nonetheless different from normal 


Perceptual space. In such an artificial space the apparent properties of the visual 


Surround may possibly conflict with the visual appearance of the rotating object, 
insofar as the rotation tends to produce perceptual Yay ncy—in other words, 
a : : ] percep ual space. 
Constancy of size and shape appropriate FORO eae 
(UA E arate such conditions might o eR us ul 
a 1 to the object and independent o 
effects d motional cues are autochthonous to ts à 
the vede or whether there is some necessary linkage between the MWORIOUDS 
Ofstimuli, Iti therefore intended to describe two groups of experiments designed to 
investi i H 2 various hypotheses. In the present paper (Part I), a direct com- 
Di e t € ade between stationary and rotating wire outlines in dark space, 
Yd E Ta T E attempt will be made to relate such comparisons carried out within 
ar 


an equivalent space. 
quivalent sp EXPERIMENTS, SERIES I 


AIM OF EXPERIMENT 


his set of experiments = to xd the influence of perceptual cues 
F istinct from those of the surrounding field 
à biect as distinc ng field, and to carr 
gel from ee check on the fate of shape constancy through the are E 
e at the A ed ed previously, but under these more rigorous conditions. With 
entation as t was proposed to employ new points of comparison within the 


thi: im in view i : : 3 
ES e pa between those used in the earlier experiments, 
, interme! 


The main aim of t 


Kir s SN 

[v 

\\ « | 
ih, N FS 
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METHOD 

The experiment was performe 
were covered with black paper, 
combination of large size with t 
stimuli were wire forms in the sh 
diameter of 17 cm. and being sepa: 
the viewpoint of the subject, who 


d in a darkened room 15 by 12 fect, the walls of pae 
A larger room would have been more suitable, hs. 
otal darkness was beyond laboratory resources. | 3 
ape of a circle and ellipse, the rotating circle p. 
rated from the comparison shape by an angle of 10 weet 
was placed some 2:5 m. from these shapes. T Bn. 
was seated upon a stool having no side arms or supports, with his head resting aged 
near wall. The Shapes were view: To render the stimuli visible in UY. 
Space these were coated wi cent medium and exposed to a small amount of f the 
radiation. The brightness of the Shapes was controlled by shutters in the housing or ing 
U.V. lamp and luminosity was maintained just slightly above visual threshold. Asx 
object was scen by its own light the laws of reflection do not apply to this case, and nly 
rotation of the circle yields r ient of luminosity, change of outline being the es 
Frameworks were also placed round the object to act as par 

radiation so that nothing but the narrow outline was V E 
of rotating the wire circle has already been described (Lang was 
1951), the only change from the previous technique being that a clutch mechanism wi 
inserted in the drive. When this was disengaged the subject could himself set the SER 
at any desired position by means of a small ""Magslip"' remote control, or the See 
could similarly adjust it under the subject's instructions, Thus the subject was able eit?" 
to make an estimate of s 


nae 1 LN or 
nake imilarity of shape with the form rotating at a known speed, 
set it himself and compare two Stationary shapes. 


PERIMENT 

: H ' i ter a y 
Five wire outline Shapes Corresponding to projections of a circle 17 cm. in diameter ^ 
angles of 35°, 40°, 45°, 50° and 55°, were constructed and coated with fluorescent pa 5 
ject the circle was rotated at five different sweep rates of 90, 75, 6% > 
c one excursion of 9o?, Monocular vision was used throughout, OD 
being covered with a shade. Twelve subjects were used, five of whom had taken par en. 
similar experiments using normal Surrounds. Ofthese twelve, six were men and six Me 
Two were Psychology students, four were University Arts students, two were houses 
and four Were professional workers. Three used spectacles to correct their vision (I 
were astigmats). 


The subject was given an eyeshade and 
checked. Asked what he could see he usuall 


of the U.V. lamp were then opened until the 
were then closed slightly and th 
then asked to a T 


3 eo 
room into full light whilst the comparison shape was Sang, e 
foranother, Shapes and Speeds were given in random order and exploration of the comp! 
Series spread 


Shapes were matc AU 
using Step-by-step setting or by the subject making settings for himself, The subjec 
remarks were d : 


RESULTS OF EXPERIMENTS 


The results of this series are given below (Tables II-VI) in tabulated form. puse 
the subject's general remarks and comments will be dealt with. The rotation 9 
à circular outline under conditions such as these appears to have & 
Absence of visible changes in illumination, texture or any aspect of 
than progressive deformation appears to suggest that the change is Physical and 
not the result of spatial orientation. The hue or brightness of the stimulus objects 
appears to play no part in this, for experiments in which hue and brightness were 
changed yielded similar results. d 

After ro minutes of darkness the subject could give Somery, 
room he was in though no subject could identify any part of it, or 


peculiar effect- 
the outline other 


ague notion of the 
anything within it- 


5 : T 2 
ROLE OF SPATIAL STIMULI IN PERCEPTION AND SHAPE ( ) 3 
: TABLE II 
3 v S FOR 90? SWEEP. 
SHAPES MATCHED AT 4 SPEEDS, 30, 45, 60 AND 90 SECOND 9! 
o 
so? 5° 40° 35 
n P Out In Out 
Subject In ^ Out In Out | In Out | In LM 
6 "B 028 | O22 o22 | O22 939 | 915 
i EP l pe 5 E o16 024 0:090 07126 
o-286 0:288 | o225 0225 | 0088 0:133 6 Z EE oe 
0172 0:256 | 0:175 0:200 | 07044 0-088 | 0:16 RM ops or 
0-086 O-114 | 0°075 0075 | 9044 o:088 | o'08 — 014 
E - -22 02 0:24 0°34 | 022 0731 
E ads pa H pe as ES KER oS E O'IIO $24 
purus ae 2 "155 | 012 o2 0:072 02 
. -125 0:200 | 0-066 07155 2 j à 
xs EUM PEE ds 0-066 o:i1I | 0:08 01318 0'054 0:202 
: ont oaz fous oms |907, O08, | ore otz | ooy otto 
fo P o 0:125 | 0022 © Re : ; dus 
i ^" p Er HE 0:050 | 0:044. 0044 0:9 gu Gort 2 5 
j pen 0-086 | 0025 2 o o 2 ot oe 
: 3 Cu 2i S1 -T 0'05 0'090 
4 ..| 017 0:26 0:23 i A [oso c) 2 
Ss Merc pos EO EC o-o58 0-06 Io 0:036 9:073 
0:057 0057 | 0925 E 2 $ 2 2 3 9:07 
2 - S 2 ^ e 
oa ogi |523, 025, |026, Siop ore oy [ors oss 
> ofgi 3o | oia sags | ors UPS IE E 
0:057 QUSE 97059. Sige ona IA oo2 | 0:036 0:036 
0:028 | o 2 : : : 2 
o 5 0:18 orr I6 oob O x ro} o7 p 
E ss 9103.1 20A 283 -12 oo66 OI | 0006 0O 0.054 9 
g AIEE 0:044 o:088 | 0:02. 0704 0:036 0:072 
8 CHER £035 E o 0:044 | o4 006 0:036 0'036 
«028 | o m - : : 
d 2 6 = 040 033 pe o 35. 934 e. AU ee 
7 2°49 0:325 oun 9388 | o12 obo | o164 0-312 
oR 0:133 07177 | 0°10 0:18 0:146 0384. 
7 ae oir O14 | O10 O16 | OT o-18 
mm. 8 EX. -044 0:088 | 0°02 0:06 0:036 0:072 
pese pm dd o:088 | o 0:08 o 0:054 
one ay o o 0-08 o o 
€ 8 02 o18  o26 0:09 0:27 
co 0:28 or 0-222 | 008 022 0:072 0:164 
oo | 0:036 o:012 
0:02 |o 0:018 
O12 | OIE OIS 
| o2 0:072 O'1IO 
P o06 |o 0:090 
O14 |o 0054 
org | 005 0-07 | 
Ayr OO | o'090 0-018 
v O'14 o-o18 o 
22085 ee 0:018 
0.30 0:31 0:29 j 
D 0:22 0-182 0256 
12 o16 0:146 0:164 
9:22 | o'090 0'164 
| 0-21 O15 0-19 
Means oi; O'10 0:146 
| i 914 | 954. OTTS 
| oro | 0:036 0-090 
= Se OA 
Combined Means x 
i s 5 "I7 
for Speed 1 (30 0395. 0:245 95 0:195 tee 


Second. eep) 
E d Subjects 12. N 384. 


24 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


TABLE III 
CoNsrANCIES FoR FIVE SHAPES AT FIVE VELOCITIES, SUMMARIZED. 


MEAN 


P - = 3 Velocity 
? 55 50° 45° 40° 35° e ^ 
Velocity | In Out| In Out) In Out| In Out| In ^ Out Sweep Rale 


906 ort | 0-05 oro 0°04 0:07 | o04 oro| 0-04 0-09 | go seconds 
9'05 0:09 | o6 orr 9:05 0°09 | 0-08 orr | o7 oro 15 i 
9'I3 O15 | 0:07 9:13 | O08 o-14 | o-06 orr 60 » 
917 024 | o18 0-23 9:07 O17] O12 ©T7| Orr O15 | 45 a 
927 0°31 | 0:24 (0:25 | o8 ozs o-18 


a O21 | 0:315 o19 |] 30 
l 
n 


N (For arr CONDITIONS EXCEPTING 2)—1920 


Uw oH 
QOO 
dicc 
H 
o 
Fes 
^ 


TABLE IV * 


MEAN space ERRORS FOR EACH CONDITION. VALUES GIVEN 
IN DEGREES or Anc 


ect S We No 


> Velocity 
Velocity 55° 50° 45? 40? 35? Sweep Rate 
I 2 2 I 3 5 90 seconds 
2 I I 2 2 2 75 » 
3 I I 8 3 3 60 » 
4 3 2 3 3 2 45 » 
i 2 2 I 2 2 30 5 
TABLE V 


MEAN Space ERRORS For EACH SUBJECT IN DE 


GREES OF ARC. 
From Data or TABLE II 


Subject 55? 50? 45° 40° 35° 
I 4 I 2 5 3 

2 2 I I I I 

3 3 I o 2 2 

4 4 I 2 I 3 

5 5 6 2 2 1 

6 3 3 1 1 2 
jS o 2 I 4 4 

8 2 I 5 4 10 

9 o 3 o I 1 

Io I 5 I I I 

II I o 4 e 1 

12 3 o I 4 2 

Means ..| 2° 35” 2° 20” 1? 40” 2° 0” 2? 20” 
— SS. € 


Few could guess with any accuracy or certitude the size or distance of the forms- 
With the shape in motion the usual experience (spontaneously remarked) was of an 
object being “squeezed in and out.” Only later did the subject report “something 


turning round." Some subjects stated that they could perceive either Phenomenon 
at will. 


d 
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at the dominant error for two directions 
), whilst sequential errors 
the space error has been 
a given shape, and the 
the dispersions for each 
t change significantly 


As with earlier experiments it was found th: 
of motion was space error (nearly always positive in sign. 
lor a given direction were extremely small. Therefore, 
calculated simply by taking the mean of all subjects for 
dispersions of sequential errors for a given shape by summing 
Subject. It may be seen from Tables IV and V that errors do no 
with change of orientation. 

A comparison of Table VI with Tables III and I shows removal of supplementary 
Surround cues to have been complete, resulting in stationary forms being perceived 
with zero constancy, i.e. projectively. Thus presence of constancy in Table II can 
be definitely ascribed to the effect of rotation and rise of constancy with speed to 


i : : 
‘creased perception of motion. 


TABLE VI 


STATIONARY Wire OUTLINE SHAPES IN DARK Space. SET BY HAND. MATCH 
SCORES IN DEGREES OF ARC FOR I2 SUBJECTS. THOULESS VALUES FOR THE 
COMBINED MEANS 


Out| In 


I 6 2 

2 F mde cae | doe d estis ae 
3 36. 57 350.32 | 47 Sur deme 3 
4 52 2 |45 45 | 40 39 | 34 34 | 2 28 
: = 36|51 50/45 43 4D G40 249 «34 
6 iov aliz SaB EN UE 2 
; Se hs ores 47 | 48 42|36 36 
8 Mo IMG "sales, 428 ama EET gee 
ounce aao ror 35. Mas 
9 56 54 | 52° 2 o 1|35 6 

10 NC AS ECHETEE S 5i 2 
II 55 54 | 5° 50 | 46 431 4a A s 22 
12 PONES daas 55) 49 Ayers | ims 35 
Mean APL: rios ROMA Oks Be 


Mean excluding 4 | 56 55 | 5? 


o 0:02 o:o18 


0:029 0:025 


N — 960. 


Subjects 12. 


à it wi that the general i 

: with Table I it will be seen g contouris 

E Table II is compared vw h Ta Tues interpolated for angles of 55°, 45°, and 35° 
ained over the arc d by the path of the contour drawn 


i te 
are j ith the points Sugges ; 
in the Coins E Ending to strengthen the assumption that a smooth curve can be 

` rher study, 


A ill also be noted that the phasic i ips 
r tilt arc. It W Den phasic irregularities 
apad k- wil t form of changes in sign around the middle regions of 
present, 
e arc, hesis giving expected values f. í 
clear hypothes!s | ; s for the points alon 
a the absence E from a valid formulation of the shape-tilt relation) = 
* contour (as would ret of subjects yielding a normal distribution for their 
i DAR. can the observed changes in direction be taken as significant in 
any meaningful way B 
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This question arose in the previous study and was attemptedly answered by SM 

of a crude test of significance (1953, p. 105). A rough answer is that changes E 

constancy significantly larger than the Space error for any subject, similar in sign 4 E. 

occurring in the same region of the contour for all experiments must be considere 

Significant. Thus correlation of all contours would yield a high positive value. a 
At the same time it will be seen that not every subject shows the same patternai 

reaction. Nevertheless, inspection of Table II shows that whilst only two SA 

(Nos. 3 and 4) show results markedly different from the remainder between 55 

60°, no subject fails to show a change in constancy at the midpoint of the arc. 


Discussion 


5 : in the 
It may be granted that the experiment demonstrates conclusively that in th! 
normal process of shape perceptio: 


n the orientation of the object is perceived by vd 
of surround cues in relation to stimuli emanating from the object itself. It was pod 
Such surround cues were present that a degree of constancy was obtained y ker 
stationary wire outlines, For this experiment was conducted in a normally illumina 
room. 


Thus it would seem that 
sense of general orientation, a 
planes of reference in terms o. 
and unambiguous cues from 


general stimulation from the surrounding field Bie 
n “anchorage” to employ Sherif's term, for the pom 
Í which the object is perceived. In the absence of d. 
the object itself, it is estimated as having some Mr E 
tion, the reference points for which are derived from the surround. The removal £ 
visible surround cues cuts out the last possible source of information on which 5 E 
estimate of tilt could be based, and the stimulus object is therefore seen e 
phenomenally (ie, as a retinal projection). As already suggested (1951) re 
motion has the effect of supplementing this remaining variable, regular deforma: E 
of the stimulus Providing axes of orientation and enabling the outline to m 
envisaged as occupying the line of regard, thus acquiring the perceptual charac 
of a real three-dimensional object having spatial orientation. tion 
and subsidiary aim of the experiment, the repetit! ic 
onstancy around the arc of tilt, together with the p 
ion of the contour, would appear to make the DEVE M 
ape-tilt formula even less probable. Even if the results b 
ted similarly to the earlier ones [by means of the i. 
ult is not a straight line but a curve which requires trea 
n to reduce it to a straight line. Whether this complicate 
dures comes within the ambit of what had been envisaged E 
procal relation seems very much open to question. It wou 
at inability to state the perceptua 
uation is evidence that the inter 
Some of them subjective and variable, is involved. 


1 relationships by means O 
action of numerous factors, 


REFERENCES 


Ascu, S. E., and WirkKiN, H. A. (948). Studies in space orientation, 

38, I, 325; II, 455; III, 603; IV, 762. 4 
DUNCKER, E Pe SM Bewegung. Psychol. Forsch., 
GiBsON, J. J. (1950). The Perception of the Visual World. London. 
GissoN, J. J., (1951). What is a form? Psychol. Rev., 58, 403-412. 
Gipson, J. J., and Mowrer, O. H. (1938). Determinants of the Perceived vertical and 
horizontal, Psychol. Rev., 45, 300. i 


J. exp. Psychol 


12, 180-250. 


ROLE OF SPATIAL STIMULI IN PERCEPTION AND SHAPE (1) 27 


GUILFORD, J. P., and DALLENBACH, V. M. (1928). A study of the autokinetic sensation. 
Amer. J. Psychol., 40, 83-91.. 
lrrELsox, W. H. 1951a). Size asa cue to distance. Amer. J. Psychol., 64, 54-67, 188-202. 
IrreLsox, W. H. (1951b). The constancies in perceptual theory. Psychol. Rev., 58, 
$ 285-294. 
Korrka, K. (1932). Some remarks on the theory of colour constancy. Psychol. Forsch., 
. 16, 329-354. 
KNorrka, K. (1935). Principles of Gestalt Psychology. London. 
LaxGpow, J. (1951). The perception of a changing shape. Quart. J. exp. Psychol., 3, 
157-65. : 
LANGDON, J. (1953). Further studies in the perception of a changing shape. Quart. J. 
1 exp. Psychol., 5, 89-107. ; 
Piacer, J. (1948). La Representation de l'Espace chez l'Enfant. Paris. ; 
Pract, J., and LAMBERCIER, M. (1951). La comparison des grandeurs chez l'enfant et 
chez l'adulte. Arch. Psychol., Genève, 33, 81-130. 
RUBIN, E. (1927). Visuell wahrgenommene wirkliche Bewegung. 
mn 384-392. Do j 
THouriss. R. H. (1931). Phenomenal regression to the “real object. Brit. J. Psychol., 
.... 21, I, 330-359; 22, II, 1-30. 
WinTHEIMER, M. (1912). Experimen 
Psychol., 61, 161-265. 


Z. Psychol, 103, 


telle Studien über das Sehen von Bewegung. Z. 


28 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


THE ROLE OF SPATIAL STIMULI IN THE 
PERCEPTION OF SHAPE. 
PART IL 
BY 


J. LANGDON 
From the Institute of Experimental Psychology, University of Oxford. 
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urround cues form the basic anchorage points for the Paj 
ady well known since the work of Asch and Witkin (rod 
dispensable for correct location of stationary object d fn 
nt case, however, the central feature of self-movemen 


reference frame. It is alre 
that surround cues are in 
figurations. In the prese; 


irrespective of their position and orientation within the space. 
Space it ma: 


non-complementary as a whole. Thus apparent size and sh 
to vary according to their position and orientation within s 
physical appearance, in terms of shape and size, of such objec 
with their spatial properties as suggested through their sel 

Ames (1951) and his associates have described a num à 
tending to induce anomalies of apparent shape and size. Similarly, Ittelson ( 1952) 
has reported demonstrations of conflictful situations such às movement 


: í of a playin 
card along a path tangential to the observer which occurs within 4 trapezoida 


ape of objects will lc. 
uch a space, Hence th! 
ts would be incompatible 
Í-movement. 

ber of such construction? 
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as a rectangular frame at an angle to 


Mia dow frame." The trapezoid is perceived 
ee al-parallel and the card is seen to meander in and out of the frame along a 
Tved path. Ames (1951) describes the conflicts induce 


d by the effect of a rotating 


FIGURE 1 


OBSERVER 


Pla ojection of "equivalent" space showing window orifices and stimuli 
n pr A 
me, and has also shown (1946) that similar phenomena 


Ur Dezbi indow fra Fes ANDA 
pezoidal wind the aid of aniseikonic lenses in both normal and abnormal 


May be produced with 
*hvironments. 
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“Hence it would seem quite feasible to define experimentally some properties 3 
shape in terms of an explicit space by using a non-euclidean space as a basis for E 
subject's reference frame. The experiments will therefore consist of repeating earli 1 
observations under such conditions as enable comparison to be made between norma 
visual space, dark space and abnormal visual space. 


METHOD 


It was decided to construct an Ames-type equivalent space with a rotation of b 
Frontal Parallel Plane of 30°. To do this in the ordinary way would have been expen a 
and laborious and it was therefore decided to dispense with actual walls and floor, Er 
eliminating the difficulties of carpentry, etc., and to construct the room from strings d a 
with fluorescent material. These strings, stretched on a frame to represent the edge an 
the walls, were irradiated with Ultra Violet and produced the luminous outline of a TO E 
having windows, ceiling, floorboards, wainscote, etc. The subject looked in the ei DA 
which was covered to obscure the rest of the construction. This also ensured that ES 
room and objects could be seen only from the intended viewpoint. An adjustable Mer é 
platform enabled subjects of different heights to see through the aperture with 
discomfort. (See Fig. 1.) . viol 

The stimulus objects used were of two kinds. The first corresponded to shapes W ith 
would appear, assuming an induced change in shape and size of the degree expected br 
Such a rotation, as a circle and an ellipse when placed on the (apparent) frontal-para Sd 
plane. The ellipse represented the declination of the circle to an angle of 30°. The ee 
type was corrected for induced size changes so that the pair of shapes would appear ed Sd 
in size, but were not corrected for induced shape changes, being calculated as a circle à E 
its declination to 40? in normalspace. The shapes were constructed as wire outlines 1 mM! 
thick and sprayed with fluorescent material. 
apparatus was taken over without modifi 
shortened to run betw 
Fig. 2.) 


For rotating the objects the previous 

cation except that the arc of rotation hor 

een 30? (apparent frontal-parallel) and 90? (line of regard.) ( 
FIGURE 2 


Height 6” 


Height 4:375" 
l 


! 
! 
| 
{ 
| 
| 
l: 
[j 
| 
| 
il 
1 
! 


"CIRCLE' 


, l 
30° ELLIPSE’ | 
"Equivalent" shapes | 


Only these sha ine 
able information as regards constancy throughout the tilt arc had already been gai?’ 
In addition, an A 


da H it 
i mes distorted room is not exactly an ideal surround for study of the T 
arc for its effect is to "compress" i 


; , s s jder 
pes corresponding to two angles of orientation were used, since consi¢ 
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The calculation of a comparable constancy v i 
1 y value through the tilt arc d 
Re Ag e of a constant quantity for the stimulus value. Pumas das ober 
DER nis E case w ith an Ames room, for with each move from the f/p plane the induced 
feces d until at the line of regard itis nil. This means that each stimulus object 
ERA 2 ing to an irregular declination) would have a different stimulus value from its 
parallel T d value, but less than that induced by the equivalent space at the frontal 
n mU bos net result is to make calculations of stimulus values complex and 
ue S Unless the (S) and (R) values can be regarded with some confidence it is out 
e question to compare constancy values. 

Thus the possibilities of this experiment were restricted to— 

1. Comparison of moving and stationary rotating outlines made compatible with the 
equivalent space. 
Noting effect of varying velocity upon perception of such shapes. 
Repeating observations using shapes calculated for normal euclidean space and 
incompatible with equivalent space. 
oe actual shapes used were given “S” values by calculation of expected change of 
Ed i checked by use of control observers encouraged to match the shapes stationary, 
iE ring the axes, etc., of the pair ofshapes. These hypothetical “S” values were then 

o calculate the Thouless ratios (not given here). 


N 


DESCRIPTION OF EXPERIMENT 
] manner to those described above, 


The experiment was carried out in an identica 
The moving shapes were matched 


ub that it could be completed in a single session. 
4 velocities of 15, 30, 45, and 60 seconds per sweep. The subject's aperture was arranged 


aust it was at one and the same time almost opposite the true centre of the near wall of 
pla equivalent room, and practically opposite the centre of the rotating circle. This was 
Hire mde one of the near windows of the room and about 1 metre from the observer. 
befo bred ellipse was to the left of the shape, separated from it by 15°. The subject stood 
rec re the apparatus in a darkened room and saw the interior by monocular vision. Ci 
ee matches by means of a push-button and volunteered comments which were 
ed on tape. ' 

inc shapes ere first presented rotating at the four speeds 

NI were set by hand under the subject's instructions. Si 
om had taken part in earlier experiments. 


s in random order, after which 
x subjects were used, five of 


RESULTS OF EXPERIMENT 


4. Outlines Calculated for Equivalent Space. 
Before dealing with the formal results, the 


Teactions of the subjects deserve comment. . 
The general appearance of the structure was that of a room about three units deep 

Y four units wide. If the “peep-hole” was moved to the left (nearest the long side) 
€ room appeared narrower and deeper, with long narrow windows. The shapes 


Seen through these windows changed in appearance also. This is an interesting 


Tesult of the “induced” change of shape, since the ellipse on the left is some 15° from 
° from frontal-parallel. Normally, such 


ace of fixation (the circle) and turned 30 i |. Norr 
tq Vement by the observer would cause the shape to appear wider (since it is then seen 
ead on" instead of to one side) yet the effect of the surround is such that with left- 

ference side and the room 


Ward Ea 2 
movement, the longer (left side is now taken as the re 
x Super s t is in width. The “windows” take part 


< eComes : í ; 
greater in depth and hei ht than 1 : Ws 
ac €se changes and ipee to e them to the objects located within them, so 

t these now appear relatively narrower. i 
es such as wainscotes, floor- 


Itw MT di 

bo, t Was found that the addition of supplementary outhn 

Sarding, picture rails, etc. strengthened the effect so these Were added for the 
; t itted that when a little light from outside was 


SXper; 
ed to fall upon the floor of the laboratory (seen through the “floor” of the 


general appearance of the space and 


al MED proper. It must be adm 
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apparent conflict between the “true” floor and the 
latter inclined at some 25. 

duced effects take some seconds to develop. € 
some time the subjects were asked for their commen 
that they saw “a room with windows” which v 
It had *a floor and a ceiling" and in the windows Were 
ur subjects felt that “there was something very peculiar d 
t y two were able to say what this was unaided. These M 
Subjects declared that the room “had no perspective” and that they “had no certa! 


Tun along a board placed over the “floor” and appeared 
e when in different parts of the space. These trials show® 
might operate upon the rotatin stimulus object. 

When this was set in eink aoa matches wete made at dur seva speeds, 
The subjects who had taken part in earlier experiments, all agreed that the appeatan¢ 
paced the same as those previously experienced, the alternations between ‘turning 
round" and "being squeezed” occurring as in past experiments. 


TABLE I 


ROTATING SHAPES MATCHED IN EQUIVALENT SPACE AT FOUR 


VELOCITIES, SHAPE: 


S CALCULATED FOR THE SPACE, RESULTS 
AS DEGREES OF ARC 
" 60 sec. 45 Sec. 30 sec. I5 sec. 
Subject In Out In Out In Out In Out 
I 27 28 32 32 31 31 36 37 
2 29 3I 33 137 3/1 37 42 41 
3 31 30 2 2A 27 28 32 gI 
4 26 29 29 29 31 31 33. 32 
5 21 22 22 23 22 23 26 25 
6 29 30 SOT 33  Á35 35 36 
Mean see 235 8 29 3o 399. SE 34 34 
Excess / .. 7:75? 9:5* 10:5? TAP 


N = 384. Stimulus Value — 20°, 


From Table I it may be seen that constancy rises with Velocity as in earlier 
experiments, but that estimates of perceived shape for both Stationary and moving 
Shapes correspond with the characteristics of the equivalent space and not those 9 
the euclidean Space defined by the movement of the object. For euclidean space the 
S value of such a shape is 30°. That is to say, the comparison ellipse has an outline 
equal to a 30° projective declination of a circle, when seen f, 


1 2 p rom the right and sub- 
tending an angle of 15°. Yet the equivalent space gives a Stimulus value match 0 
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Thus there is an induced rotation of 10° and this 
inuously. The fact that the curve of 
d as with earlier experiments tends to 
e of the shape in terms of 


20° from the frontal-parallel plane. 
Boiss even when the shape is rotating cont: 
rà ancy rises smoothly with increase of spee 

nfirm that constancy is related to the "real" appearanc 


TABLE II 
DISPERSIONS OF SCORES IN ew (DEGREES OF ANGLE) FOR 
Space Errors IN TABLE l 


Velocity. Seconds per sweep of 60° 
Subject 60 sec. 45 sec. 30 sec. I5 Sec. 
2 1 ro 1:12 34 1:22 
2 2:2 2:2 I:I2 2:0 
3 1:0 o 1:22 I'4 
4 1:22 0:63 o7 I:22 
5 1:5 r8 1:6 2:55 
6 1:0 1:0 1:2 I'4 
Mean Ts 1:32 1:12 1:54 1:63 


the Surrounding equivalent space and not the space successively occupied by the outline 
itself, In fact, if the latter were true the shapes could not be matched at all since they 
are irregular in outline and their axes are not central. It will be seen, however 
(T able II) that space errors remain small and dispersion low, comparing favourably 
With earlier experiments. (Table I, Part I). ‘ ; *4 

The range of velocities appears higher than in previous experiments, This is due 
merely to the shortening of the rotation arc from 9o? to 60° whilst using the same 
Speeds of rotation. 


TABLE lll 
T SPACE AT FOUR VELOCITIES 


TS AS DEGREES OF ARC 


ROTATING SHAPE MATCHED IN EQUIVALENT 
AL SPACE. RESUL 


SHAPE CALCULATED FOR NORM 


Velocity. Seconds per sweep of 60° 
sec. 45 sec. |o see: I5 sec. 
Subject P Out In Out In Out In Out 
5 : 
6 39 48 42 43 47 44 M 
5 56 37 39 40 40 2 43 44 
3 37 39 37 42 4T 45 53 48 
j 36 38 36 39 40 40 41 42 
2 39 41 40 43 41 45 45 49 
ó 36 39 4I 43 -40 45 43 Eo 
Mean-- °° 365 39 385 4r5| 4l 44 43:5 465 
Excess Z 225" 5r 753 10° 


Subject 6- N = 348. Stimulus Value = 35*. 


BIIN 1 Space Outlines. À h 
ormal Sp dic experiment an ordinary circle and an ellipse corresponding to its 


Bo dep s 
ded Eee 4o* (when seen from a similar viewpoint, subtending an angle 15? to the 
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left), were placed within the room and view 
Shapes. Here the expectation was that with t 


or 
= * m I e ason ^^ 
er dispersion and variability in scoring), and the rea 


1 rdis 
that induced effects tend to fall off as the line of regarc 


ictortion 
urning the circle the effect of distort!o, 
When the circle was rotated conti 


of the experiment. The match point 
mined by the equivalent room, 


;n Part A 
nuously the same effects were seen as oe eu 
is not that of normal space, but still on 


TABLE IV 


DISPERSIONS or SCORES ix ow (DEGREES oF ANGLE) FOR 


SPACE ERRORS IN TABLE XII 


Velocity. Seconds per sweep of 60° 
Subject 60 sec. 45 sec. 30 sec. 15 sec. 
— Yrs 
I 1:7 r8 2:34 2:23 
2 I*12 1:8 2:12 E 
3 e 1:7 1:34 1:22 1:48 
4 i: 2:2 112 1:0 1:58 
5 e ro 2°12 r8 2:0 
6 1:87 3'0 1:0 I:12 
Mean 


E on 1:6 1:86 1:58 1:74 


Yet there is a noticeable chan 
to compare, both sub 


ed. 
object Stationary, but not very difficult when the circle rub ) 
rmed when the dispersions are compared. (Tables ca 21 
ISpersions for stationary matching of the shapes is ow = 5:29 compared wit T space 
for stationary match of shapes calculated for equivalent Space. The mea Pis 
errors for stationary matching of the two sets of shapes are 7° 30 
indicates a considerable difference in matching conditions when co 
errors and dispersions in the Tables I and III, and II and IV. 
made to calculate Thouless's ratios for the two situations, but tl 
given since there appears little value in making any such quantit 
It is enough to Say that a degree of constancy is present in all 
increases with velocity of rotation. 


and 2? 30". 
mpared with spas 
An attempt Wê 
he results are nO 
ative comparison: 
the situations an 


Discussion 

The results from this experiment are, though interesting, Somewhat different fron 
What was originally anticipated, and perhaps rather disappointing. It would seem 
that the men of conflict between the rotating shape and the Surrounding space wa 


| 
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insufficient to di ; 
Silent ae M completely the set of appearances deriving from the 


Ene extent this might have been foreseen, 
De T due & The circle is hardly an ideal shape for it has a very stable con- 
DUET the ae lack of sharp changes in contour, absence of straight lines, etc. 
appearance der of such a shape results in gentle and smooth alterations in 
e etha ilst at the same time Jessening the induced effects. 

in depth, a at the experiment has confirmed that perception of a shape outline 
accor i i^ istinct from projective or two-dimensional outline, takes place in 
is attributed | ith the apparent properties of the spatial surround. Tilt or orientation 
of the dem to the object, guided in some way by the cues from the boundary outlines 

ds, intervention of rotary 


As wi o 
‘ee perception in dark space or normal surroun 
results in a qualitatively different situation. Thus when the shapes correspond 


Be cements of equivalent space, they behave in an identical manner to an 
when it is ae euclidean space. ld seem an important conclusion 
hat, 

Perception takes place under conditions of mo 
The peephole constitutes a reduction screen. 
The outline has no surface. 

Self luminosity does not vary with orienta 
ack “perspective” or any 
ote that for the perception of the 


on the basis of "snap" judgments 
ve the obtained stimulus value 


firstly from the nature of the 


This wou 


nocular vision. 


tion of the object. 
cues to "real" size. 


eae ie ste 


The space appears to 1 


Tu ith these points in mind it is interesting to n 
onary shape outline (Section A of the Results) 


a " 
ee value of 28° 30” is obtained—some 8? 30” abo 
à projective match in shape. This would suggest that surround cues play a 


me. 
Onsiderable part in perception of orientation, and thereby, of shape. When to these 
s are compatible only with the 


Consi s A 
a "siderations is added the fact that the comparisons l 
PPearance of the outlines i% equivalent space, it is difficult to resist the conclusion 

ein establishing the frame of reference, 


nat spatial s i él 
ur: lay the dominant ro r 
round cues play Comparison of the two shapes is 


n Y s 
terms of which the actual stimuli are perceived. 1 
is in fact impossible to match them at all. 


no i 

t merely difficult in normal space, EIER ishi f i 

n referring to the rôle of surround cues as establishing a. frame of reference in 
uggested that this is confined 


ter I e 
Ms of which th j i ated, it 1s not S 

e object 15 apprec! utis nos. : this | 
Merely to producing a eel fic point" or "sense of direction." This is a 


“anchorage i 3 
More limited function which has been discussed in the work of Asch & Witkin and 
as already been referred to- ant, when speaking of surround 


What is rather me: 
cues, is the function of qualifying, in an all-pervasive way, the spatial character of 
ived shape- 


le oe 
ts percel 3 
ject, and hence its P nts described in Part II, had the expectation of visual 


A <perime : RAE 
S regards the ER 1filled the following possibilities could have arisen. 


Conflict been completel 
No match possible Du S ed UAM 
2. The match would be incompatible with the normal characteristics of the 
shapes,/o* 
3. It should 
in equiva 
4. Amatch was 


Pn incompatible with the characte 

in r of the shapes perceived 

d which could not be explained on any of these assumpti 
ptions. 


have P 
ent space 
obtaine 
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Whilst with moving shapes, 
5. No match was possible, /or 


6. A match occurs which, with increasing velocity is increasingly independent al 
the characteristics of the equivalent space, /or 

7. Continues to correspond with the properties of the equivalent space,/or jot 

8. Results in some compromise according to velocity and nature óf stimulus, 

9 


Cannot be accounted for on any of the previous assumptions. 


some 
In the actual event, the results came closest to expectations (2), (7) and Mee 
degree (8), whilst Showing from the Wider space errors and larger dispersions à shape 
of uncertainty in estimation of the second, as compared with the first type of M 
Despite this, however, there is a high correlation between the results in Ta 
and III. 


? R -ith shape 
a conclusion the series of investigations concerned w iti ol 
For a comprehensive treatm pjects 
hape perception, the perception of three-dimensiona pject 2 
eed d. This involves the Problem of orientation of the ap view: 
distinct from rotation o j ords, the question of “point à out bY 
e ns dealing with this problem has recently been carried 

the present writer which it is į marize in the near future. 


k. i A „chology 
This research is part of Work carried out'at the Institute of Experimental Psyc i 
and with a Srant from the Med 


+50 
: CER : Profess 
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THE EFFECT OF GOAL-SETTING AND ENCOURAGEMENT 
ON THE 
PERFORMANCE OF IMBECILE MEN 
BY 
N. O'CONNOR anv G. S. CLARIDGE 


Fro r 
m the Medical Research Council Unit for Research in Occupational Adaptation, 
Maudsley Hospital, London. 


, Followi i j - 
Une previous work, three groups of imbecile men were asked to carry out a 
ny tee over a period of nine trials, Self-competition (Goal) had previously improved 
* Performance of one sub-group on this task significantly, and experiment showed that 


his ir GIN $ 
mprovement had been retained. By re-dividing the subjects, three groups were 
motivating conditions. These were: 


ma 

RM (end asked to perform under different v } 

the aa with Encouragement, and Goal with Indifference Or neutrality shown by 

twas fo igator. Treatment of the results was based on the slope of regression lines. 

Nose that encouragement had a significant effect on the performance of subjects 

Significa under goal conditions, but that goal conditions without encouragement did not 
icantly improve performance over control conditions. 


I 


INTRODUCTION 
a work reported elsewhere by Gordon, O’Connor 


ee Tizard (1954; 1955). The previous studies concerned the effectiveness of goal- 
( ting as an incentive force for male imbeciles on two tasks, one a test of endurance 
cad and the other a manual repetitive task lasting one hour (1955). Both 
vestigations established the superiority of the goal-setting technique to the 


i P * : eM. 
Neentive effect of individual or group competition, and to control conditions. 


Chis investigation follows from 


II 


OBJECT OF THE INVESTIGATION 
e carried out by Gordon, it is possible that 
some extent on his personal approach 


In the previous studies which wer 
e and not simply. on their own self- 


the « 
he success of his Goal GrouP depended to 
d success Or failur 
COmpetit E : driv 
petition as an jnternalized rive. 
The aim of the present experiment was to make a more clear-cut distinction 
to discover their relative importance 


betw Lstriving and 
;*tween enc ement and 803 3 Ed 
in the MAC of subjects performing under conditions of Self-Competition. 


1 k were used as with the previous experi 
S the sa; ‘ects and the same task V ) previous experiments 
A further ud y aim of the investigation was to discover how far the skill, learned 
Muring previous WO before, had been retained during the interval. 


rk almost @ year : ; 

9 bring out the significance of SN n ir ue: and unrecognized self- 
QURE * Enction Was made between oal with Encoura, » 

-Ompetition, 2 distinc LERNEN agement" and 

'Goal with Indifference- F Der: os ERE and failure was always 

Sym ; observed b) i nd with the latter success DS 

in PEN were alike treated with flat indifference. ees on faire 

37 
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III 
BRIEF NOTE on THE TASK Wd 
. The task used was the Nail Frame test, devised by Gordon (1953). It -— 
ring: a frame (8 in. x 10 in. was covered with a sheet of per! ‘bject: 
sq. in.), in which a column consisted of 60 holes exactly. The su 


á E : : umn 
Were asked to insert small Scutcheon pins into the holes, working vertically down a col 
and completing it before starting on the next. 


: The 
with Encouragement Group, (ii) Goal with Indifference Group, (iii) Control Grou a 
forty male imbeciles employed had already worked on the task a year before, The 


but this was found to b 


ec 
ect was used as a basis for forming three matched groups. All forty sub] ned 


" ‘Oa! 
a point 2 per cent, higher than the subject’s previous best score; this indicated his ed 
the best score in the previous three trials 
reaching their goals. 

At the beginning of each trial the Subjects were told: 
goals to-day. You worked very well yesterday, but see i 
to-day." Half-way through the hourly period they were 
working hard. You are doing very well at the moment. ep pat 
At the end of each trial those who succeeded in reaching their goals were told: vere 
was very good; see if you can get your goal again to-morrow,” Those who failed bb 
told: “Bad luck; you did very well anyway and you ll get it to-morrow.” At internal | 
during the session the experimenter walked round nodding approval of work to indiv! h 
boys. The intervals were standardized, but an element of difference occurred in th 
treatment of individuals in so far as the experimenter’s remarks were addressed tO an 
Broup in general, but his direct attention might be focussed on one person rather th 
another. à : ry 

For the last four trials encouragement of the kind given at half-time was given every 
quarter of an hour. This was done to increase the effectiveness of the encouragemen 

II am. Goal with Indifference Group (13 subjects). The goal was calculated an 
indicated exactly as for the Goal with Encouragement Group, With the same chang 
after the third trial. 1 f He 4 1s 

At the beginning of each trial the subjects were told: “See i you can get your g0% 
to-day." At the end they were told: “You worked well to I'll see you all agai” | 
to-morrow at the same time." No comment was made about Success or failure to rea® 
the goal, and as far as possible indifference was shown when a Oy came with obviou? 
delight to tell the experimenter that he had dcn Seal. Throughout the exper! 
mental period no comment was made except to keep the Subjects working durin? 
interruptions. 


uf 
“See if you can all get Yger 
f you can work even nee 
told: “Come on, boys, s. 
Let's see you get your go4 


" 
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At the beginning of each trial the subjects 


n 
30 p.m. Control Group (13 subjects). 
“You worked well to-day; I'll 


were told: '* 
old: “Work as hard as you can,” and at the end, 


See yi $ 
Blur to morrow at the same time." 

eginning of the ninth trial the subjects in all groups were told that they would 

e they had been paid in their 


e paid 3 
ee he end of the experiment. This was done becaus' 
with Gordon, and several subjects enquired during the course of the 
y. Some even became quite confident 


experi 

thet te es they were to receive mone 

were Ed d. Before trial 9, however, any questions by them regarding payment 
in a non-commital way to avoid affecting motivation. 


M 
RESULTS 


mm On the first day all groups se 
ee the interval which had elapse 
tions f a s remembered what they had to do, although the 
do Em the prescribed technique. These were correcte 
at E pues auem the course of the experiment. Distraction was unavoidable 
industri eginning of the first day, but subjects were soon working quietly and 
iously and on the whole this persisted throughout the investigation. 


ttled down to work surprisingly 
d since they had done this work. 
re were one or two devia- 
d as were any variations 


TABLE I 
Group ON EACH TRIAL 


Mran SCORE FOR EACH 
) TRIALS 


“A” MATCHING (RETENTION, 


Co-operation Competition Control 


Trial Goal 
| —— 
I 1,037 1,030 998 930 
2 1,138 1,059 98r 945 


ee a a ——— 


"B" EXPERIMENTAL CONDITIONS 


Goal and Goal and 

Trial Encouragement Indifference Control 
1 1,019 1,003 1,030 
2 1048 - 1,010 1,029 
3 1,001 868 795 
4 1,099 1,007 996 
5 1,092 1,004 974 
6 1,133 1,013 956 
7 1,172 1,028 1,010 
8 1,133 1,028 952 
9 1,140 1,071 989 
10 1,179 1,074 1,003 


G The group means (Table « A”) for the two retention trials indicate that the Goal 
Toup retained its superiority and that the Control Group's performance was lowest. 
309, which is significant at the 0-05 level 


€ "value of 7" for the difference was 2:4. 7 
(Co-operation vs. Control 1-306; 


M Confidence. Other ts were not significant 
Competition vs. Control 0:486). The Co-operation and Competition Groups were 


n NR H 
Ntermediate—in that order. Itis interesting to note the reversal in order of these 
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FIGURE 1 


1050 
wu 
Fa 
o 
a 
g 1000 
= 
a 
E 
o 
[4 
o 
950 


900 KEY 
O GOAL + ENCOURAGEMENT 
@ GOAL + INDIFFERENCE 
X CONTROL 


850 


See asm s | NU AUD ED 
TRIALS 


Group Means and Regression Lines. 


two groups; for Gordon found that 
the Co-operation Group, both while 
his own retention trials. 


p han 
his Competition Group performed pu E 
working under incentive conditions and du 
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Consideration of individual scores indicates that on the whole subjects tended 
to return to roughly the performance level reached on the 3oth trial of Gordon's 
experiment, which lasted for 42 trials. As exceptions to this, there were a few 
cases where the return was to a level of achievement approximating the roth trial. 
pur the Competition Group failed to increase its mean score on the second retention 
rial. 


.2. Main experimental. trials. Table I “B” shows the group means for the ten 
trials under experimental conditions. The figures are plotted as a graph in Figure r. 
It is apparent from Figure r that on the third trial an extreme drop in the 
performance level of all groups took place. This was almost certainly due to the 


TABLE II 
ANALYSIS OF VARIANCE TABLE 
| : "ariance Level of 
| Sum o, Variance f ever 
Source pesci d.f. estimate F-ratios signif. 
Between groups xl 8,712:666 | 2 43567333 54835 0:05 
Between matchings. -| 155,398-849 | 12 1,294:990 r63or |Notsignif. 
Between trials .. — ..|  1,668-615 | S 208.576 | 11900 |Notsignif. 
| : T 
Interactior 
a n: groups X s " 
trials £ 1 2,804308 16 175269 2:9546 0-001 
Interactio | | 
n: groups X | ed " z E 
matchings Sp | 19,066:741 | ?4 7947447 13:3923 OR 
| 
Interactic ; | LORS 
on: trials X . -302 Not signif. 
matchings s d TS 6,436792 | 96 67:049 r3o2  |Notsignt 
Interaction: trials x — | 
matchings x groups | š 
(residual) a eh) o 1,389:618 192 | 
| 
| | 
"Dota ee ..| 205,477:589 | 35° 


ignificance a main effect has, of 
es Note.—Where interactions are significant, the significance of a main e 
Urse, to be treated against the largest relevant interaction. 
a new supply of scutcheon pins was mixed 


fact t Uu 4 
NS hat at the beginning of the third day ane rt of a shiny brass colour hela 


Ones bei ps er heads. It is possible that 
ave dullish in appearance) and had slig E appearance of the two types 


ras i lecting pins of 
boy who was obviously se! 1 

P ROME because of the larger sized head 
ert adjacent pins. Observation of work 
eral subjects confirmed this. 


Ne experi . well as complaints by severa c f : 
a ough Si me m m ways, this sudden drop raises the interesting question 
i * depend ni formance level on the maintenance of a standard routine 
t ee ht expect, with the type of subject used. 

e in performance level of the three groups 


of y 
n H 

one ki » as was evident in the case 0 
Which oe Further interference may have 


made it difficult for the subject to ins 


tasks > 
us .9f this kind, especially, one mig 
Oticeable, however, that the decreas 
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TABLE III 
Linear REGRESSION COEFFICIENTS 


————————————————————————————————7U8H8 


| Average increase | Performance 
Group | Subject per trial level 
(a) (b) 
I 12«5 1,440 
2 15:0 1,206 
3 18-7 1,153 
4 15:7 1,098 
5 2:1 1,279 
| 6 19:3 1,037 
Goal with Encouragement -| 7 3'4 1,137 
| 8 1731 796 
| 9 36:3 924 
10 12-6 893 
II 2:7 897 
12 43 737 
I3 25:1 676 
Mean 14:2 
I 16:2 1,373 
2 —32 1,154 
3 51 1,233 
4 10-0 1174 
5 10:3 959 
6 22:5 1,077 
Goal with Indifference 7 IO:t 910 
8 —2:1 928 
9 17:5 976 
IO —8:9 778 
II 1:3 778 
12 15 838 
15 4a 741 
Mean 65 
I 59 1,484 
2 —IS*I 1,428 
3 —T72 1,244 
4 13:8 1,105 
5 0:77 939 
` 6 —54 947 
Control «i 7 —76 815 
| 8 —179 1,071 
| 9 — 30-0 799 
| 10 —15:9 892 
II —0:2 876 
12 2:0 837 
13 —48-7 935 
Mean —4:9 
r a 


was in the order expected, tho 
with Encouragement Group) 
to one kind of pin on the next 
order. Since the third trial 


se who were presumably most motivated (the Gor! 
overcoming the interference best. Following à ut 
trial, all groups increased in level, again in the predic a 
was not equivalent to the other nine trials, the 
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obtai i i 
a were not used in the further analysis of results. Systematic 
aividuals e een groups, between trials and between matchings (i.e. between 
o mile ie ui ih performance level, irrespective of group) and their inter- 
E levels pes xs bya three-way Analysis of Variance, the appropriate F-ratios 
i deen dad cance being shown in Table II. The fact that the interactions 
E Selma uU and Trials and between Groups and Matchings were significant 
trial Es dites gudups imu at significantly different rates, and that the inter- 
ent in ali ere disturbed by this. This led us to consider the rate of improve- 
Eh En «opes of each individual subject. Regression lines were fitted to 
D erect ual's scores for the nine trials (as noted above, the third trial was omitted). 
ion confirmed that linear regressions provided a good fit. The scatter about 


the reeressi : 
gression lines was shown to be small, the standard deviation being about 80 score 
e = a (trials) + b) are 


units, i i i i 

p. The regression coefficients for linear regression (scor 

M dut Table III, together with the group means of the coefficient representing 
average rate of increase. ; 


Goar with ENCOURAGEMENT AA js 142 
Goar with INDIFFERENCE -- 7 65 
CONTROL "m —49 


r Goal with Encouragement conditions 
king towards a goal without 
ive was used, 


It is 
M ie iow subjects performing unde 
GER ES he average at a greater rate than those wor i 
tended E Ses Control subjects, that is those with whom no incent 
Gr show a progressive decrease in performance level. 
oups by Matchings being @ significant interaction showed that the three group 


Thus | varied according to the initial, matched level of the individual in each group. 
thus the individual rates of increase in Table III show that no subject failed to 
whilst three in the Goal with 


1 k 
nus in the Goal with Encouragement Group, : i 
the ex ence Group and nine in the Control failed to show any improvement during 
In periment. 
qM ob game the lower matchings improved in the Go r 
matchi ut not in the Goal with Indifference, OT the Control Group. The higher 
t sho oe improved in the two Goal Groups but did not im the Control Group. 
y tl uld be noted that the average slope of the Control Group 1$ excessively depressed 
„Y the inclusion of the somewhat unusual thirteenth member of the Control Group; 


1 : : a 
E score is excluded the mean slope of this group 15 not —4:9 but «1:247 OF nearly 


al with Encouragement 


us SR point emerges clearly, namely, that the differentiation of the group trends 
Dinter, made possible by the original careful matching. | Any individual's total 
Ne fir ement in the Goal Group is only 140 points and the difference in score between 
rando st and last individual in that group is in the region of zoo. To have merely 
term cs ied might well have obscured the learning trend difference. The interaction 
Cire n an Analysis of Variance would have been at least ten times greater in such 
Wmstances, 

ent of D? to estimate the significance of the 
the televan, three groups taken separately, the 
follows "ant regression coefficients (Table IH) b 


Owi. 
AED values for “g” were found: E 
veen Goal + Encouragement and Control = 3:3621 (Significant at 0'01 level). 


ctween Goal -+ Encouragement and Goal + Indifference = 2°4539 (Significant 


meta) 
ween Goal + Indifference and Control = 0:2366 (Not significant) 


difference between rates of improve- 
t-test for related means was applied, 


eing used for this purpose. The 
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These results indicate that goal-striving in itself does not increase perform 
level significantly unless accompanied by encouragement and Pee 
work. This suggests a comparison with Gordon's previous results with the s i 
subjects. However, a comparison cannot strictly be made, because, althougl E 
year elapsed between the two experiments, the subjects were taken, in the p 
study at a different stage of performance, i.e. after practice had had its initial e d 
Further, although Gordon did not make explicit use of encouragement dun 
working period, he gave approval of work at the end of each session. B ud 
group is therefore not comparable with our Goal with Indifference group. E 
in fact be the case that encouragement need not be made explicit in an incenti 
situation of this kind. d 


It was concluded that the effect of self-competition as an incentive for ince 
the performance level of imbecile subjects on a repetitive motor task was md 
be largely due to factors other than those associated with goal-striving as sc 

Specific standards are certainly valuable in systematically increasing performan E 
levels, as Mace (1935) has shown, but the complexity of secondary motivating fac oa 
which many previous writers, such as Leuba (1932), have mentioned, must also y 
considered carefully in any experimental situation. The results of this expe 
reflect a situation in which social approval appears to be of primary imp 
Many previous studies of motivation have depended upon work with rats, whe! 


VI 
CONCLUSIONS 


Drive, Habit Strength and Inhibition appear to be adequate explanatory variable 
A number of studies with humans have shown the inadequacy of these simple contenia 
in explaining human learning and performance, e.g. those of Abel (1938) and Harlo h 
(1950), but much remains to be done to specify the multiple social incentives Ma 
appear to be operating, even with imbeciles. McClelland e al. (1953) have recent? 
given some indication of the possibilities in this field. ent 

A second observation can be made concerning the retention trials in the pre 
experiment: the theoretically consistent retention shown over a period of one ay 
since Gordon’s earlier work provides somewhat unusual evidence of the relat 
long-term effects of an external incentive. Such a finding may have implicat 
similar to Hebb's (1952) experiments, and may demonstrate the importance of 80 
incentive conditions in early stages of training. 


ician 
The authors wish to acknowledge their indebtedness to Dr. J. F. MacMahon, Phy 
Superintendent of the Manor Hospital, Epsom, Surrey, who made the patients e ecient 
and to Mr. A. S. C. Ehrenburg for help concerning statistical procedure and the degre? 
The work reported was carried out by G. Claridge in partial fulfilment of the 
of Master of Arts, at the University of London. 
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MISCELLANEA 
A NOTE ON BINAURAL FUSION 


BY 
D. E. BROADBENT 
From the Medical Research Council A bplied Psychology Unit, Cambridge. 


na 
It is a psychological commonplace to say that information coming from one n | 
be fused with different information from the other eye to give a single visua anil 
In hearing, however, it is usual for the stimuli reaching the two ears to be closely Mo. ol 
Differences in intensity or time of arrival at the ears may indeed produce a percep e. i 
localisation (Stevens & Newman, 1936) or the rather different precedence effect u Jit 
stereophonic reproduction (Wallach, Newman & Rosenzweig, 1949); but there RH 
reported comparable to, say, the filling up of the blind spot in one eye by no aei 
received through the other. The tendency of recent research has been in fact f arriv 
1953; Broadbent, 1954) to emphasise the cases in which, when different d E 
at the two ears, the information on one ear is lost more or less completely while the 
ear controls response. 

The writer observed recently, however, that if 
head-phones, with a filter elimin 
another eliminating the hi 


ice i: h two 
à speaking voice is heard xe 
ating the low frequency components on one € 


i deg" 
gh frequency components on the other ear, a considerable í the!" 
of fusion is found, Eighteen research workers ha 


being previously aware of the nature of the stimulus, 
Recorded Speech was used to av 
at 450 c.p.s. and the high-pass at 200 


DES 


same for both naive and sophisticated observers. ja ely 
a further series of sounds, im EOM 
ere: (a) a metronome, fed QE. cà 
1e ear and through the low pass filter to the 0 ther © » 

A speech recording, fed through the high-pass filter to one ear, and to the 0 ve pro 
through the low-pass filter after a time-lag of about o:25 sec. This lag would ha c p5j 
duced a perception of two voices even without filtering. (c) A pure tone of 3000 jeher 
to one ear and another of 500 C.p.s. to the other ear, no filters being involved A eh n 
channel. (d) A record 9f a male voice intoning a steady vowel Sound delivered. re 
ear through the high-pass filter. Another copy of the same recording was eu indt 
the other ear through the low-pass filter, the two records being started and stoppe! habet! l 
Pendently. The vowel used was the i (as in ‘seen’) of the International Phonetic Alp anc 
Since this vowel has a particularly large gap between the first and second resor the 
(Potter, Kopp & Green, 1947). (e) The same vowel sound, Played to one ear moronen fot 
low-pass filter and the other through the high-pass filter: the same record was use "cd: 
both channels in this case and the original time relations were therefore prese cel 
Finally (f) thirteen of the subjects were informed of the nature of the stimuli and p d 
to say which ear was receiving the low-pitched stimulus from a sample of speech tre: 
in the original fashion. d d:allh 

All but three subjects heard (a) as a single sound: all heard (b) and (c) as two sepa ail 
Sounds at the two ears, Eight subjects fused (4) and ten (e). Completely chance ri TR 
Were obtained on the final question, six ass ROCHE id cheat and seven the ot ave 
It is particularly striking that even the four subjects whe RT heard two voices £ de 
chance results on this question, two picking one ear E aye the other. No subject mê 
an error in assigning the pure tones of (c) to the corre: Be 


after hearing the Speech record. These sounds w 
through the high-pass filter to or 


ics 
$99 


at? 
S 


These chance results perhaps establish the fusion more c 


up. d 
envincingly than the reporter 
judgments on whether one voice or two were heard: but the differences in the number 
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fused judgments between sounds (b) and (c) on the one hand, and the metronome and 
voice sounds on the other are of course highly significant statistically. The nature of 
the sounds which are or are not fused suggests that the important factor in producing 
fusion is the temporal relation between the arrival of stimuli at the two ears. In the 
crude sense, obviously each consonant of a speech message occurs simultaneously in the 
two channels, even though the frequencies passed are different, and thesame relationship ~ 
is true of a metronome; but not of asynchronous speech or of pure tones. But the fusion 
Of an intoned vowel makes it clear that some further factor is operative. This may 
perhaps be sought in the similarity of the envelope wave-form of the voice sounds, which 
pan be the same on both channels even though the Fourier analysis is different: compare, 
or example, the vertical striations which appear in speech spectrograms at an interval 
Varying with the basic pitch of the voice (Potter, Kopp & Green, 1947). That the ear 
Should make use of envelope wave-forms rather than Fourier components in complex 
Sounds was of course quite contrary to the early resonance theory of hearing: but there is 
Rh contemporary evidence that it does do so (Mathes & Miller, 1947; Davis, 1952; Davis, 
ilverman & McAuliffe, 1951). The present observation joins this evidence. 
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PROCEEDINGS OF THE EXPERIMENTAL 
PSYCHOLOGY GROUP, 1954 


" r t 
Sth-gth April, 1954. Extended Meeting at Oxford, Ist Session: Me 
communications by members of the Institute of Experimental Psycho EU d 
I. Howarth and J. S. Sutherland (both by invitation). "Some Neurological Asp 
Attention," by C. W. M. Whitty (by invitation). 2nd Session: “The Organiza tion 
of the Cerebral Cortex,” by D. A. Sholl (by invitation). 3rd Session: Denon am 
of Apparatus by J. A. Deutsch. Short communication by a member of the Inst 
of Experimental Psychology—]. Langdon (by invitation). 
[^ . "An 
6th-8th July, 1954. Extended Meeting at Cambridge. Ist Sesston: n a 
Experiment on Adaptation to Level of Difficulty”, by A. W. Heim. F A Not 
Auditory Imperception, by D. Russell Davis. 25d Session: Symposium on AR 
Place of Psychophysics in Modern Science,” by A. D. Harris, P. H. R. James, ssion 
Jonckheere and R, L. Gregory. 3rd Session: Symposium (continued). Discu K, 
opened by L. S. Penrose (by invitation). 4th Session: “Human Relations T 


in 
Automatic Control," by P. Fensham (by invitation). “Some New Problems 
Tactual Perception," by O. L. Zangwill. 


; t, 
4th-5th January, 1955. Sth Annual General Meeting at University Colleg 
London. Ist Session: “The Effec 


Extinction,” by V. R. Cane. 
maturity on Psychological an E I 
invitation). “The Role of Probability Models in the Study of Learning,” by 


Audley (by invitation). “Loss of Information from Precis Compared with 
Source,” by P. C, Wason (by invitation). 


a pil 
t of Time on Simple Operant Gongitioning oa 
2nd Session: “An Inquiry into the Effect o ' 


d Physical Development," by I. Hes if 


theif 

3rd Session: “A Study of Problem Sona 
by E. Rayner (by invitation). “Some Effects of Vitamin B, Deprivatio à 
Caloric Deficiency on Behaviour under Stress and on Learning,” by F. Knópfelma' o> 
(by invitation). 4th Session: “An Experimental Study of Luneberg's Theory | 
S 


u 
pace Perception,” by A. Zajackowska (by invitation). “The Effects of Percept 
Isolation," by T. H. Scott (by invitation). 
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DIFFERENCE-LIMENS FOR PHOTIC INTERMITTENCE * 


BY 


J. W. GEBHARD, G. H. MOWBRAY and C. L. BYHAM 


From the Johns Hopkins University, Applied Physics Laboratory, 
Silver Spring, Maryland 


easured in the range of one to 


Difference-limens for visual intermittence were m! 
to 0:41 cps. and the relative 


di Cps. The standard deviations obtained varied from 0:02 

cue linens, a computed from the average deviations, were from 0:005 to 0:024. 

Dro surprising capacity of the eye to react to differences in intermittence resulted in 
5 just noticeable differences in a range of only 45 CpS- 


I 


INTRODUCTION 
ower of the eye has received little attention, except 
al flicker frequency (CFF) has on this problem. The 
be the time analyser par excellence and, accordingly, 
Stevens and Davis, 1938)- Mowbray and Gebhard 
ne temporal acuity of the eye in a new way with surprising 
for intermittent white light were studied in the 


Tange of one to 45 cps. and were shown always to be smaller than 0:8 cps. When the 


JLs shown in Figure I Were integrated, the number of just noticeable differences 
This appeared to be a very creditable per- 


(jn d. 
d.) ri m 
) reached the large su -tends the data on DLs for flicker. In 


each of t à ie 
Wi ts We : 
o subjec ‘ncreased to 150. The stimulus conditions and 


he same, SO the results of the two experiments can be 


lrectly compared. I 
h METHOD 
Pbavat. r 
us. ight was produced by a single Sylvania R1131C glow-modulato 
T 


'The 8i ; imulus light? EST. z E 
tube Ed s an electric square wave: E separate and independent variabl 
"equency generators furnished the square-wave oscillations for the standard and the 
under Contract NOrd 738 
EM was prepare cd s 7386 between th 
os mapori rs Ea De Jom, Hooking, gaitegi, and was mad at heh 
i , U.S. S =e Ms € a 
ceting of the ATT, io. Canada. noddyisión. Committee, 3rd to sth 


Ovember, 10547 L9» 15 
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ts W 
pe measurements. Frequency measurement 
accomplished by a Hewlett-Packard el 


The Sylvania glow-modulator tube used prov: 
in a linear manner with the Current passing t| jit 
ioni y was obtained, which, together wi 

in depth, provided a high effective intensity. 


h the fd 


ti 
; : modulai 
had an “on” and an “off” time of about 7-10 microseconds and could E E 
at above 15,000 cps. The operation of the glow-modulator tube was comp, 
at all times. 
FIGURE 1 
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FREQUENCY (cPS) 
The A.D. of the thresholds as a function of frequency. 
Mowbray and Gebhard (1954) 


p 
tu 
$ the ol 
The standard and Somparison input channels were separately applied, Soita 
by a three Position, silent -switch controlled by the subject. The centra compari 
the switch was an “off” position so that in going from either standard LO re j 
er comparison to standard an intermediate "off" position had to be wae E 
transition could be made as rapidly or slowly as desired, but overlap of re ope ait 
i impossible. Since both input channels Ahe rapi ot 
at all times, the change-over could be essentially instantaneous. X Howe the Su e 
With which the change-over was accomplished was left to the discretion o ‘od 
ount of time spent observing either channel. by the sub 
Adjustment of the frequency of the comparison channel was made y 
using a linear helical potentiometer. st sith a be 
The flickering Stimulus was viewed binocularly on a r° circular spot with sabte 
geneous luminance of 98 mL. The spot was centred in a white surround of 71 


a 
tan mu 


i 
jd 
E 


n? 


Procedure. 


In 

ful 

ich3 the standard channel was care! rol 

d hich judgments were made, y m 
uc es p RN the SEN ie comparison cue 

was set some indeterminate distance either shove e ie eae fatness BI 

The subject then adjusted the Len Chanel vun GOES Ei i. ates A D 

i e 

eee the Subject was satisfied that he had obtained a4 match between 


wo 
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a measurement of the comparison frequency 


standard and comparison frequencies, 
d the reading recorded. The accuracy of the 


was made with the electronic timer an 
measurements was o:5 per cent. 
ia DE each replication of the experiment, 16: 
= a ndom order. At each frequency the subject 
ating between ascending and descending thresholds. 
Subject until each had made 15 matches. There were 10 
in 150 matches per frequency for each subject and a total 
entire experiment. The experimental design, therefore, permi 
into as many as 1o equal parts. 


6 frequencies were presented to two subjects 
made five measures at a sitting, alter- 
He then changed with the other 
complete replications, resulting 
of 4,800 thresholds for the 
tted the data to be divided 


III 
‘TREATMENT OF DATA AND RESULTS 


Normality of Threshold’ Data. 

The first matter of interest in this experiment was the distribution of the individual 
thresholds about each standard frequency. This was investigated by combining 
both subjects and all ro replications. The normal probability distribution was 
fitted to each of the 16 frequency distributions, and the x* test of goodness of fit 
Was applied. The tests indicated the surprising fact that every one of these distri- 

utions was non-normal, The reason for the non-normality was determined by 
Staphic investigation to be extreme leptokurtosis. This is to say that a larger 
Proportion of thresholds than would be predicted by the normal distribution fell 
Close to the standard frequency. There was no evidence at any frequency of 
Statistically significa <ewness. , f : 

B e we a known to have been learning rapidly, it was felt 
that this could have caused leptokurtosis by introducing i few S d 
In the experiment and a large proportion of relatively sma dnd E UR 


Er : ts, an 
When the experiment was divided into two equal parts ted in that the lepto- 
c 2 " is, therefore, was based 
kurtosis at some frequencies was reduced. ue Mm eond halt OTE 
entirely on the combined judgments of both suaje 
ili ing from o'I to 0: 
although at rr of the 16 frequencies there was a iy ME Sopelation sie 
at the experimental sample had been id n 
5, 30, 40 and 45 CPs: W ; i 
with the hypothesis of Se dni. A more valid hypothesis, therefore, is that all 
othesi: n is implies 
9f these distributions are Jeptokurtic ian woul have been expected on the 
asis of the theory of random 
E M i 
"lect of Practice. tant factor in psychophysical experiments, the standard 
T 
Sere n "LU mi "4 2 
deviation (S.D.) of the individual ted that considerable improvement was taking 
Teplication US completed. It was note : 
ications. ** 
Pe and their thresholds became smaller. 
Btadually became less erratic. S 
At the completion of the i When plotted against frequency, these thresholds 
icipated : 
Spproximate the pattern Anth eless, the two subjects were seen to be very variable 
With all data considered. A divided into two equal parts, however, the thresholds 


tions were examined separately, this supposition was Supper 
experiment. These samples of 150 measures per frequency were still leptokurto; 
PARC SN still found to be inconsistent 
maining five frequencies of I 
that the eye is able to succeed 
etter at establishing up me of measurement. 
Since learning is an impo easures WaS computed for each subject as each 
As the experiment progressed, the subjects 
Place during the early T° 
eriment, all replications were combined for each 
s d. S 
Subject and the S.Ds- compute on the basis of the data previously collected. 
and shown in Figure 1- 
When the experimen 
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agreement was rather good, 


The DL Junction, 
The combined 


STANDARD DEVIATIO| 


AVERAGE DEVIATION. -= 
QUARTILE DEVIATION —__ 


DEVIATION (CPS) 
o 
Qi 


S.D., A.D. and quartile deviations of the thresholds as a function 
of frequency for the second five replications, 
ixi bined, and the 95 per cent. confidence intery. 
the S.D. 


Subjects are com- 
al is shown about 


around the sample S.Ds. indicate that the Population yay, hy 
well defined with the amount of data collected. Average deviations (A.D.) ent 
quartile deviations have also been computed for the second half of the experim of 
and are plotted in Figure 2 to show the patterns of these alternative mec ] 
threshold. For the stimulus conditions of both this and the Previous experime nd 
a comparison of Figures 1 and 2 shows that the DLs tse sharply between one “ne 
about r5 cps., Teach a maximum at between a ea 25 CPS., fall somewhat in 7 

p of 30 to 35 cps. and finally rise again pt gece Point of about 50 PM 
approached. The more highly practiced subjects o ns Second experiment prodira 
lower thresholds in the middle range of frequencies but appear not to have alter 
the general shape of the function originally reported, 
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Integration of DLs. 
The next step was to determine the number of j.n.ds. for the most stable part 


of Ae 
the data, This involved the graphic integration of AP where Af was the A.D. 
experiment. 


of i 
the measures obtained at each frequency in the second half of the 
ably higher 


Th i 
Pu oe of j.n.ds. between one and 45 cps. is 375, & total conse 
the 280 reported earlier. 


Summary of results. 


is Pis important findings of the second five replicati 
gether in Table I. The accuracy with which the stan 


ons of the experiment are brought 
dard frequency is measured 


TABLE I 


Suy 
MMARY or REsurTs ror SECOND Five REPLICATIONS. BoTH SUBJECTS COMBINED. 


Standara Mean m 
vi measured Mean = computed Cumu- 
ed frequency difference SD A.D. P lative 
ES) (cps.) (cps.) (cps.) (cbs-) from A.D. DLs 
z 1:002 0:002 0:022 0-015 0-015 50 
ES 2:498 0:002 0:022 0:017 0:007 168 
2 5:046 0:046 O'I51 0:118 0:024 189 
75 7:480 0:020 0:161 0:132 o:o18 208 
S 9'991 0:009 0:238 0:184 0:018 222 
12 12:531 0-031 0:388 0:299 0:024 230 
a 15'0II O'OII 0:329 0:254 0:017 240 
RS 17:522 0:022 0:343 0:275 0:016 249 
ES E 0-031 0:338 0:246 0:012 259 
Re 22- he 0:004 O41I 0:340 0:015 266 
oe sates o-018 k 0:320 0:261 0-010 276 
27:5 27:501 0-001 0:246 0:197 0:007 289 
L 4 0:301 0:238 0:008 305 
35 29:909 0-097 ae 0:166 0:005 335 
40 34:986 s ia 0:227 0-181 0:005 303 
39:92 $ -206 0:005 
45 44:957 0:043 0:273 0:20 375 


frequencies differ on the 


ted that the obtained 
o and 12 of the value are 


It will be n 
by never more than 0:09 CPS.» 
DL, a is shown. The range is from 


was obtained in the first experiment. 


is 
aso in column 3. 
Tage from the standard 


Under 0-031 cps. In column 6, the relati 

uos to 0-024 and is somewhat smaller th 
9lumn 7 shows the cumulated DLs. 

IV 

DISCUSSION 


Critical licker frequency VS: critical flutter frequency. 
Studies on the CFF 4° not reveal the eye as a strong competitor of the ear for 
on 


; nse. The highest frequency at which interrupted white 
prm speed D Ele is only about 60 cps. under optimum Condos This 
frequenc Rc a perio of 16 Pur On the other hand, the ear is able to 
DOES ted white n or utter ps it has been termed by Miller and 
ES EA ver 1000 cps- is is a period of less than one msec. 


d 7 LOGY 
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Difference-limens, 


is the DL metl 
Another way of looking at the temporal acuity of the eye or ear €. produ : 
chosen for this experiment. The smallest increment in uem resolution © 
a j.n.d. in experience measures an important aspect of the age P. to i 
the eye or ear, The differential sensitivity to the frequency R E Recent? 
reported in many studies on pitch discrimination (Stevens and Dax x us relative 
Miller and Taylor (1948) measured DLs for flutter, Table II shows 


1 from 
F n 
for pitch, flutter and flicker equated as well as possible by selecting 
available data, 


TABLE II 


COMPARISON or Af/f ron Pitcu, AUDITORY 


ZER 
TIC FLICKE 
FLUTTER AND Pnuoric FL 


icker® 
Pitch? Flutteys Flicker’ | Flicke 
Sensation! 33 
level (db.) 50 50 100 85 
requency (c s. Oiz 
f^ ae 0-100 O-I00 0031 Soh 
29 9-150 0:075 0:006 
62 0-0351 
8o 0'162 0:075 
120 0:208 0:083 
125 0:0270 
160 0:250 0-094 
240 0:333 0:217 
250 0:0099 
E 0459 0:459 
500 0:0042 
I,000 0:0036 
2,000 o'oor9 
4,000 0:0023 
8,000 0:0025 
11,700 0:0030 


1 In audition the sensati 


cibel scale © 
Sound expressed in decibels (db.) above the absolute threshold. The dee luminance i 
i i he intensity of sensations of brightness, 


3 1 * Mowbray and Gebhard (1954). 
* Shower and Biddulph (1931). Sm. 
? Miller and Taylor (1948). 5 The present experim: 


Je 
4 tab 
itati i ‘peri d may not belong in the 
i ly unique experience and may genes 
at a rper d tuitatively una are more alike. Both are experienc 


h 
; i throug 
indistiney; ise at about 2,000 cps. Flicker, too, passes i 
eee iM E light and dark intervals at low Reque 2 
various pss veh ENRE at about 60 c dg 1941). To these qu 
to à sensation of fus two others. ir 

: ; d added i i 
tive difficulties in Sapam See where flutter and flicker Overlap; and second, 
frequencies in a ee of constant stimuli in collecting their data, wher 
Miller and Taylor use 
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Wi 
A Re of average error. Whatever these differences may entail, it is 
E wd at the DLs for flicker are respectably small and that they hold their 
Work o vx nim to their auditory counterparts. — 
Visal n this problem is being continued by investigating the effect that various 
parameters have on the DL. Currently under examination are the roles of 


spot i : 
pot intensity and the light-dark ratio. 
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A NEGATIVE TEST OF THE DRIVE-REDUCTION 
HYPOTHESIS 


BY 
RICHARD A. LITTMAN ang EDWARD A. WADE* 
From the University of Oregon and the University of Wisconsin 


el 
vas test 
reduction hypothesis of FOSNGENMAD, Mi ii po 
On of a shock coincides with a condi ment, E 
tion is a Sufficient condition for rein Ure w 
Ty reinforcing agent by virtue of its ass 
the drive-reduction event. If it 


it should ™ 
ecomes a Secondary reinforcing agent, 
able to reinforce an instrumental act. 


D 
iving them 
Placing rats in a stock, RENI Atte 
ination of which alight was flashed for ong f operat 
j hen placed in a Skinner box unde sing 
: bar a light flashed on. res 
Animals subjected to this trainin 


c 
ren a. 


A major deduction of the drive. 
A light which follows the terminati 


disi differe! 
a variety of control conditions. No significant duct? 
were found among the gro, ‘ated. The par 
from drive-reduction theory were Correct, the theory was not substantiated. tat 
Concludes with a discussion of M 


) 0 ae interpre 
arious problems which might limit the in 
of the experimenta] results, 


In order to explain a 
reduction in a prima: 


jn 
ati 
5 onstr 
t part, research has been concerned with dem 


i lse 
itas mpu d 
condary reinforcing agents, He writes ^. . . a receptor a m di ani f 
cting as a reinforcing agent if it occurs cons 


$ . 95) es 
ether the latter is primary or Secondary pT tharat 
reinforcing State of affairs is ". . . the diminution in the receptor disc | consiste 
++ a stimulus situation which has been closely and mL of 
associated with such a need diminution” (1943, p 95); the mS. sta ) 
quotation, of Course, describes a secondary reinforcing agent, Hu 


sspent Ü ,p.9 
uho A stimulus alone is ineffective as a secondary reinforcing agent" (1943 


ntl 
e 


à pirict 
j ld be noted, are in the nature of empir" 

- 97-8). These last two statements, it shou f entio 
(Uo TN they are not deducible in the theory. However, the reader's M 
i : they would appear to undercut the experiment des 2 
e DE to Meg E e I FA play the role of formal elements in the E e 
idi pom Pe a contradiction with iedhe tig ea must be assu 
that they cannot be used to justify or attac ) 


d 


e 
Mr. Wade for his Ms, ‘degree at tb 
* The data reported here were collected by A 
University of Oregon (1951). 
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to establish a secondary reinforcing 


It 
seems clear from the above that in order 
us condition (thing or event) in 


agent it i 

dio dien only to present some stimul 

"n lem ation to the reduction of a drive. The subsidence of hunger, thirst 

illustrations r a the relief from shock or escape from a frightening situation are 

investigation E ents which may be treated as primary reinforcements. The present 
an attempt to test this implication of the drive-reduction hypothesis 


of reinforcement, 
d eed publications Hull (1951, 1952) introduced what would appear to 
€ spoke of change in his definition of a reinforcing state of affairs. While earlier 
Stimulus di à reduction ina need condition, he shifted later to the concept of drive- 
réduction ee The present paper is couched for the most part in need- 
the drive f oguage: however, unless one accepts an extremely radical version of 
5 us imulus, viz., that it refers only to a non-organismic stimulus variable, 
rests on » remains quite thesame. Atany rate, the investigation to be described 
reduction he assumption that the association of a stimulus condition with the 
secondar in pain following shock termination should be sufficient to establish a 
y reward agent. Therefore, if this stimulus condition subsequently occurs 


Withi " : 
n 20 seconds or so of a receptor-effector connection, it should prove to be 
of the response. 


line with this argument: albino rats were 
ck for one-half second 

One-tenth of à second after the shock 
nd by a light w. 
be in which they were contained. 
Subsequently, the animals 
conditions. Each time the 
vere in the tube flashed 


hed on while they W 
particular time intervals 


a : 
Bes d they were stimu 
this wa a milk screen covering 
Were là done for sixty trials in an expe 
ar A aced in a Skinner box under ope 
n E. pressed, the same light which flas 
sed stayed on for one second. While the tion 
was based on sheer hunch, they are well within 


Also 
i,» We have accepted an assum tion of Hull’s that the remo 
Een i the drive instituted by the shock. 


Mee it results i ion of 

W here is der pmo of the investigation for which Hull provides a basis. 
* have taken a stimulus appearing in one context (the tube) and used it to reinforce 

li aviour in an entirely different situation, the Skinner box. In m Ad 
Vestigation is more "radical" than Coppock's (1952) °F Schoenfeld's et al. (1950), 
ich are the only other studies in the literature that have considered the same 

Problem, Speaking of Frolov’s exp ks, “Is this typical of secondary 


0) 


eriment, H 
dary rei nforcement confined to the transfer of the same 
any receptor conjunction be con- 


Teinfo 
Tcement, i is seco 
Teacti 53:68:19 r may 
on f : us to another, © $ 5 
rom one stimul cement? 943. 9: 86). On the basis of studies by 
for such a limitation on the process 


ected p fo 
kinn y secondary Tei j cts the necessity i 
E unt Baa urther, he states that it is not necessary that a 
Secondar. y forcing agent be related to the response involved in its conditioning 
in such B b we e jt evokes that response. In other words, a secondary reward 
agent is p terminology, "trans-situational reinforcer" (1950), and there 
is evidently aothing in the Hullian system which would argue against the particular 

SSbs: d yi jected. 
UR s p E rocedures selected should be pointed out. We have 
“ttempted ie utilize 0n the formally stated postulates and corollaries. Ther 
Ti ions which, in one place or another, are ‘couche 


Te considerat 
T all sorts of auxili: E n i 
aU pvious, however, that though it may involve a certain measu 

re 


l 
"by Hull, It is ° 


58 


3 SN OGY 
QUARTERLY JOURNAL oF EXPERIMENTAL Psy CHOL 


to be treated in 
d evaluation, 
's intentions, at 


it is the oll 
Such an exacting manner, it M. " 
Indeed, to do anything else is r 
the very least. 


METHOD we 
Subjects. The subjects were 


Sprague-Da 
30 female albino rats of the Holtzman SPT aie mA 
strain, 100-105 days old at beginning of training. Upon receipt s handling. 
were placed in individual living Cages and taken out every day fo 
their ears were punched for ide 
assigned to Specific tr. 


;trarill 
aining groups. F 
schedule of 15 grams 


; rere arbi í 
n several days later, the animals Be on a regul 
ollowing this assignment they were PE at all tim 
with water present in the living cag! 


FIGURE 1 


L 
EGEND 


Soovavsun— 


SCALE 173 Size 
ORESTA 8 6 
INCHES 


ice is shown 1 
Schematic drawing of restraining apparatus. The assembled device is 
the lower right; above it is an exploded view 
Apparatus. During the trainin; hase the animals were held w: 
(igure I). This consisted ofa Collapeiblé sabe sae inches in 
adjustable to the size of each animal. _It was sm S 
the only modification being the substitution Pn 
the front eng. A slot in the rear permitted the o: 
tube. The tub 
Behind the slo 
consisted of a 
keep the anim 


1 
b qub 
TIL 98 
T E restraint we 
PIRE which /, ( 
5 rbert (1 at 
one described by He: r 


S mounted on the AEE " 
Pair of electrodes which were attached e. S NAE Ht 4 
Sud P roblems associated with clipping poc xx satt solution j 
insure conduction. 


ounted on the holder in front of puo oe ut 
Clear, candelabra-size bulb encased s were stimulated 
diffused the light so that the animal 

of light, 


jo? 
mM jo’ 
former through an inductorium Incluso" 
was mini m a toy trans n igh i : 
f ES eae eee the circuit permitted Periodic chec 
[5 


[2 
on, and adjust™ 
of, the amount of shock delivered to the tail. 


th 
I d, 
he tube was a six-W ely 


RA 
flector. The glass effecti" e 
by a two-inch diameter © 
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The Ski ; 
Hox on d Rd was sound- and air-conditioned. The inside dimensions were 
Projected thro i fee hes long. A removable T-bar made of one-eighth inch brass rod, 
€ bar requir S a slot for a distance of 1 inch at a height of 2 inches above the floor. 
mediately abov de grams pressure to activate the micro-switch attached to it. Im- 
at the front of m e T-bar was a 2-inch diameter milk-glass screen, similar to that mounted 
e bar. The s e restraining tube used during training; its centre was 2 inches above 
Screen and eonim light source used in the training sessions was placed behind this 
timed out” aut e activated by depressing the T-bar. If the bar was held down it 
make the ligi omatically after one second. Rapid pressing of the bar, however, could 
he paca go on and off. : RTT 
of the euer of the box was painted flat-black and illuminated during all phases 
turned on d nent by a small blue Christmas tree bulb at the rear ofthe box. This was 
Into the Skinner is training phase after the animal, already inside its tube, was put 
Stim: OX. 
hock by control was effected by a three-component electronic timer, which controlled 
ion, inter-stimulus interval, and the duration of the light stimulus. 


DESIGN AND PROCEDURE 


. There w 
In Table Es three phases: pre-training, training, and test. These are summarised 


TABLE I 
EXPERIMENTAL PROCEDURE 


Stage , 


Adjustment to laboratory routine, 


L Aq 
aptation Period 
tion to E and to apparatus 


T 3 one-hour sessions) adapta 
n Fs 
Training Session Group I Group III | Group IV Group V 
(6 sessi (N = 7) (N 8) (N =7) (N = 5) 
per essions, ro trials Group II 
Benet daily one-hour (N = 3) f 
pien) Shock-light Shock Light No 
(see text for stimulus stimulus stimuli 
durations) only only at all 
Groups I, III, IV, V 


Im T 
: Test Situation Group I a x * 
(4 sessions, one-half Skinner box Skinner box situation one-second light 
(no light on press) follows each bar press 


Pre-train ing. 


(1) 
Each animal had three 5 


and hich he was accustomed to the investigator 
„the restraining tube. Each session consisted of I5 minutes in an isolation box, 
Coul utes on the experimenter $ lap (and any other portion of his anatomy HIC 
in the tube, minutes on the experimenter's lap again, and 

Fifteen minutes after their removal to the home 


E 20 minutes uni n 

E Ti 5 isolation box- z E i 

1286 from puts iso they were fed thet denne E 

O the restraining tube Was upon-directive.' It rested in the experimenter's lap and 
aining tube. itin any way they wished. They quickly used 


Je ani to explore 1 y 
it gg o mals were permitted t5. AP experimenter's lap to the other. The tail stock was 


lt as a 
runw: ne S! 5 
iut way Hon hird session. 


( Toduced during the t 
2) Training. : E eat d 
th Each animal received 60 trials UE uA oS CE SD trials took place in 
ait, restraining tube pla within the Pa foll 2% Each session occurred 23 h i 
b ter the last feeding, and Wa? D eS d fs y a 15-minute session in an isol n 
Ox. ae Sects Wer fed 15 5 er returning to the home cage ation 
imal to the inner box from the isolation chamber, on 
, extraneous 


, ln tr rting the ar d í 
visual SEDE jon was controlled by placing the animal in the restraining tub d 
e an 


essions during W: 


60 
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Covering the glass door until the tube was safely placed within the box. Return t? 
isolation was in the same manner. All animals received a 5-minute "rest" in the sto% 
Prior to the first trial and following the last one of each daily session. V. 
Training occurred in six blocks of ro trials each. These blocks contained Mes 
arrangements of randomized inter-trial intervals ranging from 1 to 6 minutes in length 
Each animal received every block of trials in a counter-balanced arrangement. m 
All three phases of the experiment involved considerable distribution of prac 
each session occurred four days after the previous one. By taking one animal m 
each group in regular order, it was possible to have at least one animal of each f 
run at the same daily time. Groups IV and V were separated from I, II and III 


The training procedures for each of the five groups is given below. 


I. Experimental group: shock-light (N = 7). A non-avoidance procedure was employed 
with the seven subjects in this group. For each of the 60 trials, a 70-90 volt A.C. Ro 
of about 0-2 milliamperes was administered for one-half second. One-tenth of a NC 
after its termination there occurred a light of one second duration. The same lig 
Stimulus occurred during training when the T-bar was depressed. D 

JL. No-test-light control group (N = 3). These animals received precisely the sam 
training as the previous group but there was no light during the test situation. P 
. UI. Shock control group (N = 8). These animals received 60 trials of shock, 
light following. The light stimulus was present in the subsequent test situation. : 

Light control group (N = 7). This group received light alone during training 
The light was also present during the test situation. eur 

V. Light-shock control group (N = 5). The animals were placed in the restraini 
tube but no shock or light was administered. Total elapsed time was 4o minutes PS 
Session, which equalled the average time spent in the tube by the other four Li 
n the test situation this Broup served as a base-operant reference point when, for them 
light was present for each bar depression. 


(3) Test. 


Four test sessions of one-half hour each were given all animals. Again all session? 
were preceded and followed by a 15 minutes’ stay in the isolation chamber. Since t 
animals were not fed until after each session, they were operating under a fairly stron 
hunger drive. Informal observation indicates that they tended to consume most of p 
daily ration within a brief period after it was given them. Presumably there was als 


; presses, the minute-by-minute activity of the animal we 

E o dra e experimenter. It will be recalled’ that immediately above the bar br | 

inue os This was illuminated for each response in the case of the follow ; 
T tem, Shock-control (III), light-control (IV), and light-shock control y 


€ placed in & restricted environment for the first session. A os 
glass ceiling, was P“ 


ity 
was done to centre acti 


RESULTS 


The significant relations to be examined in this sty 
Sroups, especially the contrast, if any, between group I and th 
In Figure 2 will be seen the response curves for th dE 


€ five groups for each of th® 
four test Sessions. Two things are clear merely fr 


ES £ j om inspecti curve?’ 
(a) all five groups show the extinction pattern typical of operant mud (i) ihe exper 
e ; 


mental group (I) does not appear to run a course that the 
RE tM iffers from that of 
Both of these impressions are confirmed by the statistica] ; ig 
TUR a s 
test for trend (1946) was used to test-for the Significance of dap Alexande 


e 
dy are those among the fiV“ | 


ifference among 
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curves. F A y 
DUE ber "m economy s sake, we have analysed the totals per session rather than the 
ive minutes on which the graphs are based; there seems little reason 


FIGURE 2 


o— GROUP I EXPERIMENTAL GROUP II SHOCK CONTROL 


*-» GROUP 3I NO TEST LIGHT 


on 
u 
i o 
z w 
o oa 
a z 
e 2 
u Ed 

L4 

5 — 395.54 098.5; | .2505] « 225 
MINUTES 
GROUP IZ LIGHT CONTROL 

v 
w oa 
El E] 
o z 
ü o 
[7] a 
ul n 
E z 

O 

5 25 5 25 5 25 5 25 5 25 5 25 5 25 5 25 
MINUTES 


MINUTES 


periods during test condition. Data are for the 
four test sessions 
d have been different. The results of the 


Mean responses per 5-minute 


h 
Owever, to believe that the results woul 


analvsi : 

alysis may be seen in Table II. 

ik TABLE II 

NALYSIS op VARIANCE FOR TREND IN THE PERFORMANCE SCORES OF Five GROUPS 
ox SITUATION FOLLOWING EXPOSURE TO 


oF Rats TEsTED IN A SKINNER B 
DIFFERENTIAL PRE-TEST TRAINING 
mation of raw data secured as total bar 


-root transfor: N 
t sessions 


The 
h of four tes 


analysis is based upon à square 


—— responses during eac: 
Sum 
Source squares af. Mn. sq. cE Fi 
$ Qverall slopes. ba E I 102:33 
* Overall iations from 
e M 5 ..| 1665 z 8:32 13:64* 
& Between group mess 7. ET 4 1d 7360* | rag 
d Between group slopes -* i 4 53 2-51 
* Group deviations from in f x i 
estimation $ E B I3 
p prins |e (ay 25 313 5'13* 
& Between indivi ual slopes | 15°57 25 0:62 Tom 
^. Individual deviation TION 30:50 o 
estimation = 5 0-61 
Total zo EAR 119 
error term is A. 2 
a The Tundame? Ex o-oor level. 23 The error term is f. 


* Significan 
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to achieve normality the original response data were subjected to a square-root 
transformation. Bartlett's test for homogeneity was applied to the various groups. 
and none of the F's proved significant at the 5 per cent. level. 

Let us consider first whether there are any significant changes in response rate 
for all animals over the four Sessions. In terms of Alexander's analysis, we are 
interested in the overall deviations from linearity. These are highly significant 


when tested against the individual deviations from estimation. There is, therefore, | 


a marked decline in response rate and the decline is curvilinear. It is worth noting 
that the actual rates themselves are exceedingly close to those reported in the 
literature for base operant tests (Schoenfeld, 1950). 

Now, how about the differences among the five groups? The tests which are 
relevant here, between-groups-slopes and between-groups-means, are both significant. 
As so often occurs in dealing with the analysis of variance, a problem arises con- 
cerning the appropriate error term to use in testing the means. When they were 
tested against the fundamental error term, the individual deviation from estimation, 
F was 7:36, which is significant beyond the o-oor level. However, the between- 
individual-means was also significant when tested against the fundamental error 
term. Consequently, we have used it as the more appropriate error term to evaluate 
whether there was a significant difference among the means. As can be seen in 
Table II, with this mean square as error, F is no longer significant; the means of 
the five groups do not differ significantly from one another. j 

Let us summarize these results, All groups follow the same decreasing curvi- 
linear trend of responding over the four Sessions. However, there are no differences 
among the five groups either with respect to slopes or means. 


Discussion 
The results are quite unambiguous. Indeed, it is surprising how similar the 
response curves of the five Broups are. The differential training and test conditions 
appears to have had no effect upon the behaviour of the animals, all of whom behaved 
exactly as untreated base operants do, 


Nevertheless, there are for this Study, as for all studies, limiting conditions 


have been obtained, 


While we admit the Cogency of this point, there are several items to be considered- 
Essentially, it is an argument that drive Strength must be beyond a certain leve 


before it can be effectively reduced so as to produce some learning. The reason for 


thisisas follows, Drive is an inferred state; it is inferred from a variety of schedule 


driveexists? Generally some particular class of overt responses; in the case of shoC 
these are such 


: ; E t 
the kinds of behaviours exhibited by our animals in the tube when shocked through" 


"A 
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TIVE TEST OF THE DRIVE-REDUCTION HYPOTHESIS 6 
3 


the entire schedule of 6 7 > 
ecd à o trials. If, then, drive reduction is conti 
os El shoes (wih Dee es oe then since our ME RS us 
estate ive induc ion they must also satis the criteri ivi 
Ben a shock is terminated. Usually, this is ks to be Pep 
(2) The Ps case of shock; this our animals very clearly exhibited. E 
iane r m not hana lasted long enough. The shock in our study lasted 
PIS inve stat econd. While it did set up behaviours which satisfied the test 
does im 2 it still may not have lasted long enough. While this criticism 
io aan dur ael the present formulation of the drive reduction hypothesis, it 
Shit panizees ma In the Wolf (1936) and Cowles (1937) experiments with 
ward E ouh iller's studies of fear learning (1951), the drive state is presumably 
unger or response-terminated shock. These seem to produce effective 


earning, In ou i 
r study, the procedure was one of classical conditioning in which 


the sh 5 
te a terminated by the experimenter prior to the light’s appearance. 
(4) It ma er. that the duration of the shock may have two possible effects. 
Erena m to beofa certain duration in order to build up the drive to a particular 
of shock ie ue. If this is the case, then shock duration becomes à special case 
to permit rength. (b) But the shock may have to be of a certain duration in order 
the animal to make certain kinds of discriminations. If so, then drive 


reductio 

of m may be effective only if certain perceptual responses also occur. This, 

; is the point of view which Tolman and other cognitive theorists insist upon. 
k duration is critical at 


n an 

the stamp we have no basis for knowing just what shoc! 

cannot oy time. That duration is critical for some types of behaviour, however, 
e doubted as the work of Solomon and his co-workers at Harvard clearly 


s 
AS (1953). 
mea light appeared at the wrong time. Hull stated that if the "receptor 
».. occurs . . . within 20 seconds” of drive reduction it will be sufficient 
have been incorrect, but 


This estimate may 
In any case, we know 


ch a broad interval. 
tenth of a second after 


Tom th 
Shock. € present study that the critical interval is not one 
f many possible intervals, it 


Is Nomination. While this eliminates only one o 
Within at to know more exactly th imits and the sequence of events 
ech ich a secondary agent can be expected to develop. 
3 or ay not discuss in any detail the mat 
Uther iny There exists a tremendous literature 
any e vestigations. It does appear, though, that Hul 
Which 88s into one basket when he assumed that the or 
ditioning of receptor- 


c 
Sei s 
3pplie emed to operate in the con 
f secondary reward agents. 


f appearance of CS, 
ill to be clarified by 


1 was attempting to gather 


Teason R the conditioning © 1 

Teductio., Y this must be the case. It is our suggestion 

of p 0n condition as a common factor is responsible for the extreme generality 
this point of view concerning 


ul)’ 
the E S formulation. If one does not proceed from : 
Possipi e of secondary reward agents, it is quickly apparent that à variety of 
S of the sort reviewed by, 52Y; Keller and Schoenfeld (1950) exist. 
Vill be wmber and distribution of trials. These are important considerations. 
testeq «called that 60 pairings of light-shock were used before the subjects were 
Or mor Or conditioning in the Skinner box. What would have happened had fewer 
Stud 3 Pairings been used? We cannot say, of course, and obviously à parametric 
Of qj ^ Just this sort is indicated. Even $0 i em likely that the strength 
the number of pairings increased. 


Wisc s 1 
Vhite oy agent would be diminished as 
€ increments would decrease, according to Hull, the absolute value would 


) 


| 
64 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY | 


continue to increase from trial to trial. Hence, unless some additional ae 
Supervenes during the course of conditioning, there seems no reason to expect E 
to-be-conditioned Secondary agent to-become less likely to act as a reinforcer as | 
training continues, ; ; P. 
The matter of the degree of distribution of practice cannot be as readily evaluate i 
It would appear, in classical conditioning at any rate, that ten trials a day is zA 
an optimal rate (Schlosberg, 1934). Even so, 60 trials, when applied in bloc E 
of ten trials eacli, should Produce some effect if there is any to be achieved.  Perhap: 


(5) Logical considerations. There is, finally, 


the possibility that Hull’s theory 
simply does not predict what we Say it does. W 


hile the introduction does contain 


on to rest the matter can be put 
differently. 


There are three lines of doubt concerning the 


secondary drive Properties of the light 
signal, 

(a) Is it necessary that there bea tTeceptor-effector relation conditioned at the 
time a Secondary reinforcin i 


t | fo Outcomes, viz. Strengthening an S relation in 
the one case ang establishing a Secondary agent in the other, Beyond the newly- 


nections, there is nO 


: resumably generate 
ares Teinforcing Powers in that agent or event 5 A 
í ) What drive was present during testing which could be reduced by the light? 
a ud Conditions of Secondary reinforcement the 
ndee i 
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Ret pons vets de ana px P p a 22-hour hunger drive, so 

De vh ions can e assumed to have been at work. 

(2) that who read Hull differently from the present authors and who feel 
Ih I a relation of appropriateness of drive to the two conditions should 
rar and (2) that some drive stimulus reduction is implied by Hull even for 
M n Ty reinforcement, the following observations may be helpful. During 
citation hunger drive and escape-from-shock-drive were jointly present. The 
eve: th n in pain from shock followed some stimulus components of the hunger 
to the ee by primary reinforcement, these components became conditioned 
the ee pecan shock movements. But these same stimuli, by contiguity with 

cm inution in drive state, will also become drive stimuli and hence provide 
D. mal during the test situation with at least some component equivalent to the 

State upon which the secondary reinforcing agent was based. 

a Shouldn’t the secondary drive factor have played some role in the behaviour 
with oc during the test situation? We have already indicated in connection 
the no above how it could have operated. One could, by further analysis, explore 
tate peapilities that it might have been expected to raise or depress the response 
justified ae the test circumstance. But this sort of tortuous reasoning is scarcely 

since there seems to be no more basis for believing that a secondary motive 


Was 
formed than that a secondary reinforcer was developed. 
It appears obvious that the 


ow what conclusions do our results suggest? at 
ified prediction. 


‘teduction hypothesis of reinforcement has yielded an unver r 
nnot be formulated so as to avoid 


M Is no reason, however, why the hypothesis ca ; c 
Particular problem we have posed and tested. If the various postulates bearing 
Ee. need-reduction hypothesis of reinforcement are reworded and made more 
Stre: with respect to such variables as order of events, temporal relations, shock 
Ngth, and so on, it will surely be more rigorous. It should, by the same token, 


Eco; 1 
me much more useful. m. 
n the other hand, it should be noted that most of our criticisms have stemmed 


ond € general area of reinforcement theory. Many of the facts of porary eus 
abo ary reinforcement are certainly not at issue. It is a particular hypot E. 
Toti how reinforcement operates that is. To that extent, one can still e t le 
lang n of primary and secondary reinforcement (or goals and sub goals, in Tolman s 
Nage) with much of the explanatory richness and power that they provide. 


drive. 
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EFFECTS OF NITROUS OXIDE ON REACTIONS 
TO “STRESS” 


BY 


ROGER W. RUSSELL and HANNAH STEINBERG 


From the Departments of Psychology and Pharmacology, 
University College, London : 


I S SEN A 
t has been demonstrated that exposure to the stress of a situation involving conflict 
quent learning. Behaviour under 


or - 
Misano may interfere significantly with subset 1 1 
Changes characterized by experiences of "anxiety" and by widespread physiological 
ese sy Inhalation of nitrous oxide has the general effect of reducing the extent of 
ymptoms. 
€ present investigation using insoluble and soluble problems has demonstrated 
to stress impair learning; but that, when subjects 


tha; E 
Mi pot nitrous oxide and exposure | 
subse, Posed to stress while under the influence of the drug, the effects of the stress on 

quent learning are abolished. It is suggested that these empirical results may be 


acco $ 
unted for either in terms of “anxiety-reduction” or in terms of transfer effects. 


s INTRODUCTION 

m Pavlov (1941) and his colleagues first described the symptoms of what 
Noe "experimental neurosis" in dogs and specified certain conditions under 
in e these symptoms could be'produced, there has developed an increasing interest 
critic; ee approaches to psychopathology. Much has been learned of the 
With a conditions affecting the organism and its environment which are associated 

es Isorganization of responses OF the appearance of aberrant behaviour patterns. 
in i critical conditions have been referred to as "stress and behaviour changes 

po exposed to them, as “reactions to ied (Russell, 1953)- M. 
wn; wong the sym ns shown by organisms exposed to stress are experien 
Dich human E as edie of fear" and “apprehension. These 


exper: : r 
b. puctices are often accompanied by widespread physiological changes, d 
Mores in heart rate, blood pressure, respiration and increased tension in a $ a 
fe latur, Both clinical and experimental studies in eye A 
ha red to these particular symptoms under the concept of anxiety., SG 
Stim, cen defined as ". .. a learned response, occurring to signals (one es 
of TaN that are premonitory of (i.e., have in the past been followed by) si ua Ds 
with ay or pain (unconditioned stimuli) . - .” (Mowret; 1950). . UN UR a 
fight Aesthetic gas, nitrous exite DTE, 2953) Ma feteriorated under its 
i in vide varie d > 
Pipes fusa bil pho jen to p UM. T oa 
’ lation," “optimism” and a genera anxie y anc : 
of this present experta is the i nvestigate the effects 
z ciety- i n 3 $ 
the wc us n o ie stress of an insoluble problem situation and 
Propj edite effects of this exposure on their behaviour while attacking - e 
have been observed. This technique has been made p y ee 
api and his students in research involving infrahuman animals an bu Pen 
Teor to human subjects by Marquart (1948), Jones (1952) and others. ave 
Sübis *d effects which they claim are attributable to the stresses imposed on their 
(i) mo In the present experiment three main hypotheses have been tested: 
“formance of a soluble task is less efficient, in terms of trials and errors to reach 
67 


) 


— 
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a criterion of learning, when subjects are under the influence of the drug; (ii) Paa 
formance of a soluble task is less efficient when subjects have previously been M 
to an insoluble task; (iii) if subjects are under the influence of the drug while expose 
to an insoluble task, the effects of such exposure on the subsequent performance 
of a soluble task will be reduced or abolished. 


EXPERIMENTAL DESIGN AND PROCEDURE 

I. Experimental design. i 

The design of the experiment is shown in Table I. It required five groups ° 
subjects, the groups receiving different treatments in terms of presence or absence 
of the drug and/or exposure to stress. By making appropriate comparisons among 
the various groups, it was Possible to test each of the hypotheses stated above: 

TABLE I 
EXPERIMENTAL DESIGN 


Phases 


I 2 3 
Group Addition | Insoluble task| Soluble task 


I No drug —* No drug 
2 Drug —* Drug 
3 No drug No drug No drug 
4 Drug Drug Drug 
5 Drug Drug No drug 


* In these cases the subjects proceeded directly from 
the addition to the soluble task. 


All subjects were kep 
inutes of the experiment before starting work on the insoluble or soluble tasks 


II. Subjects. 


Five groups of eight subjects were treated as shown in the experimental dese 
All subjects were male student volunteers, aged between 18 and 24. They we 
assigned at random to the five experimental groups. 


III. Apparatus, 


L Administration of drug. All subjects breathed through a face mask i 
nected by rubber tubing to gas flow meters, Those receiving the drug were ET 
30 per cent. nitrous oxide in oxygen, scented with lavender; the others, scd 
scented air. The apparatus has been described in detail elsewhere (Steinberg, 1954 

2. Addition problems. The addition problems consisted of a set of single- dG 
numbers placed at equal distance along a row. All problems were soluble and t 


digits were selected from a table of random numbers. There were ten differe” 
series of such problems, 
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3. Insoluble and sol i 
E the i soluble tasks. A diagram of the apparatus em Jr 
g the insoluble and soluble tasks is shown in Tae I. Say eee 


FIGURE 1 


LIGHT 
BUZZER 


DISPLAY 


CONT 
ROL UNIT POLYGRAPH 


Learning apparatus 


points, at each of which 


of te 
m ; ‘ 4 
poral maze problems involving à number of choice 
The insoluble maze was 


à subi 
e s 
one H Rue make one of two alternative responses. 
ich the temporal order was so complex that solution within the time limit 


allow, 
e ; ; 5 
d was impossible. The temporal order of the soluble maze was much simpler 
rug or Stress. The mazes 


and 
Ese we, 3 learned by all control subjects receivin 
Sonsisted . selected on the basis of a series 0 The apparatus 
ere m of two spring-loaded keys operated by the subjects; a black screen on which 
a eee two light signals, one red and on - and an auditory signal, 
Could The signals were controlled by mechanically operated switches which 
Were tw in predetermined sequences by the experimenters. Correct responses 
Sound uc by the appearance of the white light and incorrect responses by the 
icati the buzzer. The red light went on at regular intervals of five seconds, 
Í the ng to the subject that he must make hi [ 
aper signals and the subjects’ responses were recorded by ink traces on à moving 
ly polygraph. 
Mino 
inform entering the experimental room the subjects were asked to fill in a general 
x. ation sheet and were then given ins i -garding the addition and 
tasks they were to perform. These inst -ons were the same for all five groups. 
€ subjects were instructed ition problem from the left of the 
i totalled 15. At the end of each 


Ow 
3 of numbers and to add the numbers un il they a: 
nutes devoted to addition, he would be told 
ach of these 30-second 


"Seco i : 
to S period during the five mi Í 
Perigo & new series of problems. Performance during € 
of correct responses and errors, and trends in 


lod: 
Perform could be measured in terms 
ance during the five minutes of adding could be determined. 


) 
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of left and right pressings which continuously repeated itself. Correct respond 
would be indicated by the appearance of the white light and incorrect respons d 
by the sound of the buzzer. The lengths of the sequences were never disclose i 
These instructions ended with six practice trials, he 
The actual experiment then began. The mask was fitted to the subject and i 
started inhaling the gas—drug or air—required for his particular group. All subjec 3 
spent the first five minutes working on the addition problems. Subjects in gro 
I and 2 were then put to work on the soluble maze, which consisted of a sequ 
of five pressings, viz. left-left-right-left-right. The learning criterion adopted M. 
20 consecutive responses without error, and as many trials were allowed as M. 
needed for solution, up to a maximum of 300. This relatively simple criterion W E 
decided upon after preliminary studies in which it was found that more severe criter 
did not affect the number of trials to learn. Each appearance of the red E 
to respond was counted as a “trial” even if, as happened occasionally, the sub 
failed to make a Tesponse. Groups 3, 4 and 5 were first presented with the insolu 


RESULTS 
I. Effects of nitrous oxide on addition. 


TABLE II 
EFFECTS or NirROUS Oxipr ON ADDITION* 


Groups Treatment Median correct P Median errors P 


1,3 No drug 106-0 


Poorer with the drug. 


m b e 
Significance is defined in this instance and throughout the paper in terms zr 
5 per cent. level of confidence and was tested by the Mood (1950) and Mann sch 
Whitney (1947) tests. These results were expected on the basis of previous rese 


8 grs re 
(Steinberg, 1953) and indicate that the drug had taken effect before the mazes We 
presented, 


JURE—— -— O —— m e m us 
~ a 

os 

— 

VoU 
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II. ity; 
Effects of nitrous oxide on learning. 


Ee III summarizes the performance of the 
maze. The data presented are in terms of the number of trials taken to 


Teach : "a > EAM 

ái nies lexmning criterion. These data are essentially similar to those expressed 

Ju ES errors to reach the criterion, since trials and errors were highly correlated 
96). Figure 2 shows learning curves for the five groups plotted in terms of 


tot 
al errors per ten trials for each group. 


TABLE III 
s To LEARN THE SOLUBLE MAZE 


- TRIAL 


various groups in learning the 


Groups 
1 2 3 | 4 | 5 
Median 
Range : e 36:5 2765 1040 2140 31:0 
E Ue 6-110 27-300 10-200 71-300 19-59 
50 FIGURE 2 
KEY 
—— GROUP | 
S -e- GROUP 2 

-© GROUP 3 
v is. =-= GROUP 4 
= — GROUP 5 
E 3 
S 
æ 
po 
a 
[o] 
Sa 
2 20 
Š 


720 240 260 300 


20 — 349 60 
6 o o SP 20m ad 
rd TRIALS 


) for performance of soluble maze 


Learning curves (errors 
oluble maze when no stress Was 


the data for groups I and 2, the former 
A the drug. The drug group was much slower in 
stains tUm catered than he gai EEOUR this difference in performance being 
dig, cally significant (2 = 9-007). The learning curves for these two groups also 
and a markedly, that for the drug group showing a slower elimination of errors 

a higher terminal error level. This higher terminal level is due to the fact that 


n learning of the s! 


he effects of nitrous oxide © ; 
omparing 


Puce can be determined by © 
tean 8 inhaled air and the latter, 


«al 
Intro, 
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; + Hi 
four of the eight subjects who inhaled the drug failed to solve the maze in the | 
300 trials allowed. 


III. Effects of exposure to stress on subsequent learning, E. 
Comparisons of groups I and 3 in Table III and Figure 2 show the M 

exposure to stress on subsequent learning of the soluble maze. The stressed e 

took significantly more trials to learn (P = 0:03) and eliminated errors at a s "od 

rate, although all subjects eventually solved the maze. It is interesting e td 

that the performance of the stressed group lies between the performances 0 

air group and the drug group. 


; j zT 1 ning. 
IV. Effects of simultaneous exposure to stress and nitrous oxide on subsequent learning 


Group 5 was exposed simultaneously to stress and to nitrous oxide, and it be 
Predicted that the drug would reduce or abolish the effects of the stress on subse 
learning. Comparison of groups 5 and 3 show that this prediction was substan ai B 
(P = 003). This effect becomes even more striking when group 5 is compared Yaa 
group I, which learned the soluble maze without pre-exposure to drug or S 
The performances of these two groups did not differ significantly (P = M. 

The experimental design allowed still another comparison from which additi 


E e 
All these results indicate that, whenever the drug was combined with expo 
to stress, subsequent learning of the soluble maze did not differ from learning 
the same maze by corresponding control groups. 


Discussion " 
Although the results described above have verified the hypotheses tested, the! 


interpretation is not as straightforward as may at first appear. Maier (1949) 2 
others have taken the view— 


, ique 
- .. that behaviour elicited during a state of frustration has certain nnd 
properties, and that these properties make frustration-induced behaviour differ! 
in kind from that produced in a motivated state," 


Among these "unique properties" are the Symptoms of "anxiety," It may os 
then, that the significantly better performance on the soluble maze by subj aa 
receiving the drug during the stress period is interpretable in terms of the effe 
of the drug on these "unique properties.” 


$ 
However, at least one other Possible interpretation of the present results seem 
worthy of consideration. Under the condit 


problem technique it is frequently the case that certain effects of practice on the 
first task transfer to practice on the second. 
or retard learning of the second task. ic 
practice on the insoluble maze interfered with learning of the soluble maze, whi 
would account for the significantly greater number of trials taken by group 3 in 


For example, one subject repor ae 
that he had tried out a method of approach to the insoluble problem, but, hav 
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found it of no avail 
Certa] y made no attempt to use it for the soluble problem; thi 
he ha Mecum his learning time for the soluble Stee since fw 
Telatively ra a usually led other subjects rapidly to the solution. Again, the 
the effects T dn d of the soluble problem by group 5 might have been due to 
DE ond acd i rug on learning during the insoluble problem. Comparison of 
Riiioué the dra - that learning with the drug is significantly slower than learning 
When, iss g. It might be expected, therefore, that less learning took place 
influence of T wed 5, subjects practised on the insoluble maze while under the 
Tesearch (McG. rug than when the drug was not present, as in group 3. Previous 
first task i eoch and Irion, 1952) has shown that the extent of learning of a 
task, the ie related to transfer effects which may influence learning of a second 
Ease it ects increasing with increasing extents of original learning. Such being 
interference jue be expected that group 5 would learn the soluble task with less 
in the E ta group 3, an expectation supported by the results. A second study 

Tt might p is being designed to investigate this interpretation. 
Study if an de so aid in interpreting results such as those obtained in the present 
are manifest ae were taken of the physiological symptoms of "anxiety" as they 
Planned t Le during the various experimental treatments of the subjects. It is 

o incorporate such measures in future experimental designs. 
We wi 
during T to thank Professor F. R. Winton and Mr. A. Summerfield for their advice 
0 one investigation and the Medical Research Council for their financial assistance 
of us (H.S.). 
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RELATION OF SKIN TEMPERATURE TO PAIN 


THRESHOLD 
BY 
K. R. L. HALL 


From the Department of Psychology, Barrow Hospital, Bristol 


Two recent studies have established a very close relationship between environmental 
ed changes in skin temperature and the pain threshold for radiant heat sti 


from individual to individual much more than for the forehead. 


a 
skin temperature changes and their relation to tissue damage. The results are CO 


sistent with the view that the pain experience, 
components, is intimately related to, and affe 
regulation. Some implications for general exp 
are briefly outlined. 


I 
INTRODUCTION 
According to Hardy, Wolff and Goodell (x 
mined by the radiant-heat method have a hi 
in man, provided that certain psychological 
been reviewed elsewhere (Hall, 1953) 
logical conditions was said to be the t 


: , i 
g the experimenter to express p? 
threshold results in terms of standard conditions. 


n s- 
Recent experimental demonstration of the relationship between heat-pain thre 


A : n 
has been made in two studies. Birren, xU E 
varied the skin temperature of the forehead area to be stimula 
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pain threshold on the b) i 
MES Ub e blackened skin of the forehead ai 
oA uh = bi Ne in the usual way in a room at ES ee ees ee ee 
DE ovd y a radiometer prior to each test of pain threshold Thé. be 
esed af a room At S^ and the skin temperature and pain mu 
is, cete aper over a period of r hour. The subjects then IY io 
as the skin Feier o hes continuen for two additional o. 
Theid L o control levels. In a f xperi 
at ic p subjects were heated locally and skin mer = oe E. 
S iners] o m 38? and 43* C. The results of these experiments showed that 
roughly 200 medi of the skin ro? C. led to an elevation in pain threshold of 
à lowering t E icalories/sec.cm.". Conversely, heating of the skin ro? C. caused 
ship E rl he pain threshold by approximately the same amount. The relation- 
Y a straight pes of skin temperature and pain threshold is said to be characterized 
DES AN ine passing through zero stimulus at a skin temperature of 44:9? C. 
Perature to o that the skin in the areas tested must be raised to this tem- 
e noxiously stimulated, regardless of the initial level of the skin 


E ee 

e * . 

ois MD between skin temperature and accurately determined heat-pain 

pain Nu ciently convincing for Whyte (1951) to suggest that radiant-heat 

Tather thar s should be measured and expressed in terms of skin temperature 

tec nique a amount of radiant energy. His comment on the Hardy-Wolff-Goodell 
, when used for measuring variations in pain threshold, was that it afforded 


an excel 
i po method of determining peripheral blood flow. 
w of this very close rel: ween experimentally induced 


Changes in ski ationship reported bet 
skin temperature and pain threshold, it was decided to carry out an 
ronmental conditions 


SXperim, 
ent to try and verify the relationship by keeping the envi 


Consta, 

. nt : i ^ st eee 

Wid and using as stimulation area a region of the skin likely to show a reasonably 
ature variation. ]f the same relationship 


e 
could pee” of inter-individual skin temper 
Tange, ^ ied on a group of subjects of both sexes and covering a wide age 
confirme i uniformity of the pain threshold, under prescribed conditions, would be 
fro Be with the implication for further experiments of being able to predict, 
Slven Havant skin temperature level, what the threshold point should be for any 
ual. 
e PRA variations in skin temperature 
axtremitie has been shown in à number of stu 
an o E is reflexly susceptible to experimentally I 
tn "at. 039) reported consider i 
vas ties ctive states" were induced in their su 
reu Leon and Quantius (1934): 
in S, but um the skin temperature of an are 
to the diff he discrepancy between the two sets 0 
h erent skin areas studied, as tO the fact that the latter authors do not seem 


i E allowed for the time lag required for the skin temperature to reach a reason- 
t iene level before beginning their experiments. Plutchik (unpublished survey) 
ko W] ^ ig that the direction of chang ss will tend to vaty according 
eek Teen 8n individual's steady" level is initially high or low. As the expected 
an, Sponse to stress is usually 2 $ i ‘ated one of vaso-constric- 
"ill y, * hypothesis is here put forward ation that a drop in skin temperature 
in stimulation, provided that sufficient 

temperature equilibrium in relation 


ut by environmental 
in temperature of the 
a Thus; Mittelman 

ture of the fingers 
by discussion of personal 


y be due, not so much 


le 
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METHOD AND PROCEDURE 
Subjects. 


A ; of 
Fifty psychiatric patients (25 male, 25 female), diagnosed as showing some M. d 
neurotic or depressive reaction. The cases were otherwise clinically unselectec a 
untreated. The age range was from 20—79 years old, the distribution being 20 RR 
group 20-39, 20 in the 40-59 group, and 1o in the 60-79 group, the numbers in en 
group being equally divided between male and female. The mean age for the 
was 45:4, S.D. 23:9; for the females 45:0, S.D. 24-4. 
Apparatus. 
e 
7 s. s eal 
eat-source and aperture. Routine calibration of the voltmeter scale with radiant h 
intensity at the aperture was carried out with a radiometer. g in are; 
Skin temperature was recorded by means of a thermistor, 1 inch by half inch wc 
connected by long leads to a galvanometer, with a small potentiometer in the ci 
| 


i b; 
for calibration adjustments to be made. The galvanometer scale was calibrated 9 
plotting readings given by the thermistor in varying water temperatures against 


Procedure. 


The patient was seated in the laboratory, with right hand and forearm resting nd 
zontally on a table. An area about 1 inch in diameter on the back of the left honda 
blackened with Indian ink and allowed to dry. The thermistor was placed on the 


the experimental session. The laboratory temperature varied very little during in à 


painful or hurting, I want you to tell me and to describe it to me. Thisis not an onani 
test, but a test of sensitivity.” Stimulus exposure was always for 3 seconds, the int 


(VRP) in most cases preceded the reaction point, and usually consisted of a descrip 
involving the terms sharp stinging, pricking, stabbing or burning. It appeared usu’ 


aware of this sensation, 


The experimental session with Sach patient lasted between 25 and 35 minutes, 
temperature readings being taken throughout the period. 


ski? 


of the right hand, being secured firmly but not tightly by an adjustable rubber banc 
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IH 
RESULTS 


Relation of resting skin temperature to pain threshold. 

The range of resting skin temperature variation (8^ C.) on the back of the right 
hand of this group of patients was, as expected, considerably greater than that 
obtained by Birren eż al. on the foreheads of normal subjects (2° C.). 

The main feature of the present results was the very close relationship between 
the steady skin temperature level of the right hand and the point at which the patient 
Teported the first beginnings of a painful sensation (VRP) on the stimulated area of 


the back of the left hand. This relationship is shown in the dot diagrams of Figure I, 
om which it will be seen that the correlation is somewhat higher for the male 
— 9:63, P = < 0°01). 


group (r = — 0-8 the females (r = 
= — 0:83, P = < 0-001) than for the females. ) 
goth groups show a highly significant tendency for low pain threshold to be associated 
mh high skin temperature, and the reverse. The ordinate of the diagrams shows 
* thermistor readings obtained directly from the galvanometer scale, each unit 


being equal to 0:5? C. 


FIGURE 1 
Ey 50 
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ae Z 46 
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Š Si $ 
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VRP D 
level with pain threshold in: 


ES i i in temperature 
rrelation of sei) t x ap Rr 
(b) 25 female patients 
ionshi ale group may 
tionship for the female group me 
DS dn RES more fluctuation In skin 


T ; 
i = Somewhat greater variability 1 
and partly that some of the females 


u 
temp. Partly to the fact that they tend to 


ten “fature duri rimental session, d suma 
de a à ring the expe tod A oae i 


e means, an 
: . " 
Bet sore, anticipa istributions are not significantly 
a jns i i mperature distributi ud 
lo tent RN the resting ge S " n fea tendency for the m i 2 ave 
Sd Verba] Gore male pue Hee The difference In verba e ticos 
Prodan signifi A that for reaction is significant at appro? 
th he level Kd. ting skin temperature and hence pain 
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the 30 patients in the age range 20-49 with those for the 20 patients in the 50-7 
range. No statistically significant differences were found. 

The mean values for skin temperature (in thermistor units), verbal and motor 
response to pain (in volts), for the two sex and age groups are shown in Table I. 


TABLE I 
a—————————— — 5. 0 ——— NN 


Group N. Shin temperature VRP Motor reaction 
a Male 25 4r3 142 153 
Siege `” "Female 25 43'0 130 139 
Age .. 254 0-49 30 42:3 134 146 
50-79 20 42:2 139 148 


The two other measures recorded, the first report of any sensation such as warmth 
mild tingle, etc. (WPP), and the latency of the feeling of tingle-prick at roo volts 
showed very little correlation with skin temperature. The correlation of WPP an 
skin temperature was well below the 0:05 significance level, while that of latency 
was just significant at the 0:05 level for the females but not for the males. The 
first perception of warmth, using this experimental procedure, is a difficult an 
uncertain point for most subjects, whereas the pain end-point is usually clearly 
defined and distinct. It is not possible to attach much importance to this negatiV 
result for the warmth sensation; The latency method of obtaining pain thresholds 
that is, expressing the threshold in terms of the time taken for a defined sensation suc? 
as tingle-prick-stinging to arise at a fixed stimulus intensity, has been used succes? 
Y in n studies with carefully trained normal subjects (Gregg, 1951, and Birre” 
et at., 19051). 

The conclusion to be drawn from these results is that resting skin temperatur? 
of the area to be stimulated is a variable of primary importance in the determinatio? 
of heat-pain thresholds, Neither Sex nor age difference would seem to have 2” 


more than minor significance for pain threshold variation where skin temperatu 
is kept constant. 


5 ae uec 
n temperature level is likely to vary a little ™ 


by the time she had reported pain. 
skin temperature level was co 
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most : 

ES =e form of reaction to the pain procedure is one of vasoconstriction, 
e expected from the findings of Mittelman and Wolff (1939). Where 

ly very small and could have been due to the 


an in 2 
crease occurred, it was usual! 
the experimental stimulation 


patie: : 
WES E having reached a steady level before 


TABLE II 


TEMPERATURE LEVEL DurinG PAIN STIMULATION 


FRE 
QUENCY OF CHANGES IN SKIN 


Type of change in degrees centigrade 


_—— 


m 
— rand over Total 


VET dm 
—o$5|-—975 


" + 0:25 and over o — 0:25 
Tale a D ———— 
= 4 9 4 4 I 3 25 
= 
emale O SS 
T 5 3 3 7 3 4 25 
otal |S nn 
"s 12 7 II 4 7 | 50 


Beo > (7 a 

T i H H 
N^ Suggestion made by Plutchik (unpublished) that a decrease m skin temper- 
, as a result of some form of experimental stress, is most likely to occur when 
Dividing the resting 


e rest; r 
. Testing level is high, is not confirmed by the present findings. — 
thermistor reading of 42 and over 


Skin 

N E: emperature distribution into those with a i and 
differs” and those with a reading of 41 and less (N — 23), there is no significant 
ea in the proportion of cases showing “5° C. or more in the 
Sa Sroup than in the latter. Regardless, there: hether the initial resting 
ikely ES relatively high or low, ifa change of any magnitude occurs at all it is 
Tather n in the direction of decrease rat 

an vasodilatation. 
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xp... “stablished by further experiment (1954). in which hair-pull pain and 
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Temains to inquire somewhat more closely into the possible mechanisms 
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involved in the skin temperature—pain threshold relationship, and to consider 


and the important experiments of Bilisoly eż al. (1954) have done much to clarify 
the problem. That it is in fact the vasodilatation in the skin, and not the heating 
of the skin alone, which brings about a lowering of pain threshold, was deduce 
from some unpublished results of Goodell, Graham, and Wolff, quoted by these 
authors. Reflex vasodilatation was produced in the skin of the thorax and ha 

by immersing the lower extremities in water at 43° C. and simultaneously drinking 


was accompanied by increased tissue vulnerability. Thus, injection of a noxious 
agent (histamine phosphate), causing elevation of skin temperature about 1 to 1°5° cy 
not only resulted in a lowi ring of pain threshold but also in the production © 
significantly more skin damage with application of the same heat-intensity. . 
The relationship between elevation of skin temperature and lowered pain 
threshold is thus found to be associated with a greater vulnerability of the ski" 
area to actual tissue damage. As a result of this and other experimental evidence 
the pain threshold can be §iven a physical definition such as that of Hardy (1953) 
who says: “On the basis of the experimental evidence presented it seems desirable 
to conceive of noxious Stimulation as resulting from reactions at the pain fibre 
endings (probably involving protein inactivation) at a rate so rapid that continue 
application will result in the destruction of tissue. . . . The threshold of pain an 
reflex Tesponses to noxious stimulation by heating is determined by the lowes 
rate of inactivation of tissue proteins which will cause tissue damage if the therm 


dah 
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We may co | = 
ation nclude that skin temperature, as a hypo i 
teristics pos ied El ae E. the now poe s 
Ar pain an the supposedly cortical factors of conditioni 4 
io a a to noxious stimulation. The susceptibility of E E s 
of the E rh other influences may result in a. direct facilitation or inhibition 
Em work E ion of a given stimulus as painful. The present results, and the x 
having dts Mw se are consistent with the view that the pain experience NS h 
E ctc inctive sensory components, is intimately related to, and affected 5 
moton a of autonomic regulation. Thus, a synthesis of the sensory add 
. al theories of pain seems necessary to fit the recent Pe S 
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THE RELATION BETWEEN HAND MOVEMENTS AND 
INTELLECTUAL ACTIVITY IN A SKILLED TASK 


BY 1 


M. A. VINCE 
From the Psychological Laboratory, Cambridge 


The experiment continues an investigation (Vince, 1953) into the relation betwee 
intellectual processes and hand movements in a sensori-motor task. Subjects M 
required to trace a repeating pattern of circles which appeared one, two or three i 
a time in a slit. Only one circle at a time could be hit and subjects were instructed E 
discover for themselves a good path for joining the maximum possible number of circi 
The experimental situation thus allowed for various levels of response: pursuit movemen nt 
predictive movements, choice and a change of plan. At the end of the experime 
subjects were asked to draw their idea of the pattern. son tbe 

The results support others obtained earlier in showing that in this situation 2 
subject's idea of the pattern he is tracing is determined by his total (motor, as wel 
visual) response to it. In addition, there was evidence that in some cases improvemen a 
occurred in the sensori-motor performance which were not reflected immediately # 
the subjects’ idea of the pattern. 


I 
PROBLEM 


The problem may be stated as follows: learning a skilled task results in mof? 
than a complex sensori-motor habit, The skilled person differs from the unskille 
not only in being able to make the correct motor adjustment at the right time 
but also in his intellectual assessment of the particular situation he has learn? 
to deal with. His idea of the situation is likely to be more correct and more detaile. 
than that of the unskilled Person. The question under consideration is, how ! 
this idea of the situation built up in the course of learning? t 

In an earlier experiment (Vince, 1953) it appeared that the intellectual eleme? 
in a particular learning task was a product not only of the objective situation 
of the subject's activity in that situation, a 

In that experiment subjects were instructed to draw a line connecting UP. 
number of circles arranged in a zig-zag pattern. The circles appeared one at à M 
in a slit, and without warning so that success depended on correct predicti? 
movements; subjects had to respond to and at the same time learn to predict 5 
circles as the pattern was not previously known to them. Afterwards, subject 
were asked to draw their idea of the pattern, and it was found that distortions 
this drawing were traceable to early “wrong” responses (mainly movements m? 
in response to the single circles, or short parts rather than the whole pattern). 


from the total situation, including these responses. 
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II 
EXPERIMENTAL SITUATION 


The e i 
Thes experimental situati imi i rim 
abject sat faci tion was similar to that described in the i xperi 
facing a 6 inch vertical slit in a screen, in the slit he eer aos 
g f 


he subj 
this pace was given the following i i Y 
circle. f i ing instructions: You look at the slit i 
The circle is filled in with red because it is the first pee nx Sins 
s switched on the paper will move 


Of circles, 
from ee RES notfilled in. When the drum i 
at you ha . ‘ou can move the pencil up and down the right h: 1 
l : |] and sid i 
poe cuis do is try to draw a line connecting up e many d e 
Possible to hit er than one circle will appear at a time, therefore it is not 
e many circles a all. You have to work out what the pattern is like in order to hit 
ircle appears s you can. The pattern does n ther se 
, you will know that it is beginning again. The pattern is always the 


Same, T 
. It wi ET 
will occur six times before the drum is switched off." 
and C (i). It was drawn six 


, The = 
times ee of circles appears in Figure 1, A (i), B (i), 
Each subject ES band which moved at the rate of 20 mm. à second behind the slit. 
SS terns. Durin st 3o patterns in all to trace, there being a pause after every six 
Te written do g this pause subjects were asked for their introspections, and these 
3 wn. At the end of the experiment they were given a roll of paper and 
A i he circles had been drm m were 
er on it a ey C 
remember eds pattern of circles. l the circles uy eng 
d asked to es in Figure I, A (ii), B (ii) and C (ii)) they were given a coloured pencil 
put in any others they remembered only very vaguely (dots in Figure t, 
ine they had been trying 


A (i), Bai 
to pee) and C (i). They were then as 
Y a dotted i er to hit the circles. Some included alternative routes, W! 
ine. There were 30 subjects in this group (I). 
cedure, but did not draw the 


Seco; 
nd group of subjects (II) were given the same pro 
in the slit. The instructions were changed 


line 
+, CON: ; 
3 little, the’ up the circles as they passe 
d to des subjects being told to wo t what would be a good path to take, if they 
th; € requi ine connecting up aS man 
an the eaten made of the two grou 
the overt D titution, for the overt response of tracing the pattern with a pen! 
to Circles sean of watching the pattern to work ou . In order to hit 
cons: at part rst group needed to learn to predict their position and to move In advance 
alr Siderable of the slit where a circle would appear; correct pre 
si Cady ap exactness of timing and movement. 
bectation peated was an unsatisfactory method. 
ae use th the motor record. What the second grou l 
anase there was no record, but it is sug their introspections 


gested by 
heir technique in carrying them i mo 
se spacing and timing 


alge ID : 
on me the instructions and t! E 
‘Wired of sh. not forced to predict the circles, nor were preci 

I (those who traced the 


Da: As them. 

gestern) PR 60 subjects ina 

BD Rin ED II (those 

3o Years; dus 1, A, and 10 in group 

ag 34 9 (1o in group I, Figure I, B, 
3 betw. years, and 20 were sailors (1o in grouP 

een 18 and 22 years. 


ll, Of these, 3° were in group y h 
vatched). Of the 60 subjects 20 (1o in 


who merely ¥ 

II) were research workers, aged between 22 and. 

and 1o in group. II) were students, aged between 
I, Figure I, C, and 1o in group I1) 


ill 


RESULTS AND DISCUSSION 
Part 


() 
Subj 
jects who traced the pattern. 
is path through the circles. 


In 
a the Seneral, the subject's idea of the pattern reflects hi i 
est ota are given in Figure I, ^" dC. Inthe first column (i) is each subject’s 
in the second column (ii) his drawing of the 
The paths taken by 


Tec 
fatter, oT out of his last six, 4? l 
A subject results confirm those of the first experiment. 


cts through the actu f circles varied considerably, but the 


al pattern © 


Y 
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FIGURE 1 


Drawing of Pattern 


Subject Number 
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FIGURE 1 
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drawing always corresponded closely to this path, and subjects were rather una 
of or confused about the Temaining circles. As in the earlier experiment whe t " 
pattern is actually distorted in the drawing it corresponds with the Te 10) 
at the end of the experiment (Figure x, A, Nos. 2 and 6; Figure 1, B, No 


1 ure A : tween 
ns to this occur in Figure 1, where there is a differen pi 
the final response and the drawing, but in these cases ct, ori] 
shown in the drawing may be traced to a path taken earlier by the subject, 


s n ae 
f two or more paths taken at different times oe "earl 
No. 8; and Figure 1, C, Nos, 1, 3 and 6). The 


nis. 
ys me 
ere six subjects who made correct predictive moved 
in parts of the pattern Which they drew incorrectly, although these discrep 


igure Li V 
, A, Nos. 3, 4, 5 and 6; Figure 1, B, No. 3; and PE ome 
awing corresponds to an earlier stage in the deve reflect 
Bests again that the subject’s idea of the pattern um 


i 

E n 1 

investigating this point in more detail, however, uy 

necessary to consider the à 


ac 
problem which arises from it. How does t iy on 1 
e movements arise, if it does not depend initia 


«or it 
Se ajo? 

to trace the pattern of circles. At the beginning the Selecting 
care 


ini fairly 
ion by drifting up and down in the slit, As the circles p o 
evenly distributed this 


issing 
method resulted in their hitting or narrowly mis 


B t 
very rapid pursuit, tended to slow their movements down after a few records) ae 
their responses were rather variable and appeared to conform less with the Bei ide? 
of the actual circles than with a general idea of the pattern. This gener pjec 
of the pattern was in line with their responses, for example, one of these becaus 
(Figure 1, A, No. 8) said afterwards: “I know it Mas anmup and down pattern, 
I had to do that." The drawing represents this genera] idea. K lear” 
However, twenty-one subjects did learn to Predict although some did not d E 
` the whole pattern. A few of these (Figure 1, B, No. 8; Figure T, C, Nos. 3, 4 an ted 
Tesembled the group last described, and relied Yu general plan, These adap (i) 
their original path to bring it more into line with the actual pattern, Where 
and (i) differ in the first three, the mx M al niet path. ent 
But for those subjects who learned to predic 3 p usual mode of develop He [o 
Was different from this. In their early "etd uses L EC individual E ti 
drifted through parts of the p apres A coed ae ires. 
A TO 
Spacey te sce pem uo eos AS GS mno cuni i am points in t 
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att 

P seh. owen red circle marking the beginning. As this stereotyped path 

and more to oa to record, at the same time the pursuit movements tended more 

AINI varie pe predictions. The process. of change from pursuing to predicting 

moved forwa d sometimes it occurred jn one step, sometimes the movement was 

gradually ys gradually over a series of records. This path of predictions grew 
nger until the whole path was predicted, or until the end of the 


Bunt 
^ em S likely that the shifting forward of the responses in this change from 
Motor se prediction is a fairly automatic process (i.e. determined by the sensori- 
irectin quence) and that there is not necessarily à detailed grasp of the pattern 
a fairly « Aa The argument against this is that there were subjects who pursued 
an à 3 ereotypéd path of circles without tending to predict them at least more 
—it cad times, But there is evidence for it in other experimental situations 
addition Ws be guarded against in reaction-time experiments, for example. In 
in the d subjects could predict repeatedly and correctly and still make a mistake 
rawing. Also the shifting forward of the responses did not stop with the 


cha 
nge from pursuit to prediction. Part of the responses of all those subjects who 
ifted too far forward and 
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aane 43 
So m time learned to predict were also at some time shift 

ors of anticipation were made. With many subjects this type of error occurred 

ized and corrected, but for one subject 


Tepe; 
xev. Mostly these errors Were recogni E or OE 
in th I, A, No, x) repeated anticipations appeared to be respons! e fora ue 
i € shape of the path finally taken. And agam, two subjects (Figure 1, A, No. 9; 
pets I, C, No, ro) who had begun rather slowly to build upa path of predictions 
this path broken down, apparently by making anticipations which they did 


Correct, y 
d to predict, one (Figure 1, C, No. 1) 


ne ; 
E But it throws some light 


EO 
E us twenty-one subjects who ned enenent 
1 3 : A ex : 
On th. a method which was une. i sped ANS He began with author: 
of circles. He drew two, 


e learni 
Ments wh; ning process and may be 
wh i the actual pattern 
Tee or pr p une eet After about twelve patterns ne began 
9 predict a ya cS ‘i sag the red circle, and after that added a few more 
f ew circles following i the experiment, thus leaving less 


Tedict; 
Ctions every now and then oe (“I get the ones T d try to remember 
movemen (the last) he had learned to 


less a 
. Ww Space for his drift PA 
qe the next one is"). B the thirtieth, out but not as far as the red 
e Xm as the final ds Tt pattern. His im B DESE being 
n OS ae peu at the end of the pattern TA stretch of imaginary 
lreles ++ , but ine 203 his drift movements. 
rh joined by a line reminisce d od preceded in earlier patterns by pursuit 
€ predictions of this sub] in this respect his method differed from 
and who only rarely predicted 


thay ments in one or two cases Ne ee predict, 
t of the other subject e But this difference is probably 


o 
ee SW. een pursued. sd 
j, Ode which had not previo ^ whic or prediction and which is the 


E reviously which provides f 
Sam important than the coe stereotyped response to some part of the pattern. 
» for all subjects: an ni stabilized by this stereotyped path that the response 
ot s Possible, once the situat! ies circle and that of pursuing an extra circle are 
ing the position [7 
u B the pos" : 
Ndamentally similar: _ pect there were eight who managed to change, usually 
s f the experiment (Figure 1, A, Nos. 2, 3, 4 


to In addition to thi v 4he course © 
. These had all begun by pursuing the circles, 
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Circ] 


SEINE their qus 1,2 and 9) 
3 po Pe dE jower cn ‘The change usually took place at a point in the 
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the change was begun the new path was completed in the usual way, by pursuing 
and then predicting the new circles. The method of subject No. x (Figure 1, C), 
the few cases of predictions occurring where there had been no previous pursuit 


a subject could predict correctly when his idea of the pattern was not entirely correct: 

This cannot satisfactorily be explained away by saying that between tracing 
the final record and drawing the pattern (which he did a few seconds later) some 
subjects had simply “forgotten” the pattern. One reason for this is that an error 
in the drawing could always be traced in the motorrecord. For example, one subj en 
(Figure r, A, No. 4), who had predicted all the circles correctly in his final recor? 


correct prediction. In general, prediction 
y are more likely to be associated M 
: ] i only once or twice, but the 
are exceptions to this, Itis possible that the tendency to anticipate plays some pu 
in the clarification of the idea of the pattern. If the performance is already fairly 
&ood the subject can Correct such errors immediately and learn to avoid them. 
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When th 
e responses v i 1 x 

of correcti vary in this way and the idea is wrong it look i 

a r ied is must result ultimately in TUM M ae 

often appeared fa e d been quoted, but their value seems to be edi The 
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of action before E. shown to reflect earlier activity; no subject announced a plan 

à stable path m carrying it out although occasionally subjects who had built up 
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K he pattern from the appearance of the circles alone, and then tried it 
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jects we equate idea of the pattern without making a motor response. Thirty 
he circle re given the same task as the main group, but they were told to watch 
s only, and to try to work out what would be a good path to take to join 
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was always the Same, an error provided the evidence needed for correcting the 
response and, ultimately, the idea. 
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SOME OBSERVATIONS ON THE OCCIPITAL 
ALPHA RHYTHM 


BY 


JAMES DREVER 
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f early blind, late blind, and sig! 
res differentiated between the 


TOUDS jt w. 
When the ES argued that the performance probabl olved a visual component. 
aor En hen classified into the three suggested alpha-rhythm types, M, R, and 
ie This was tained did not differ significantly from one ano 
vis ncerned, esp regarded as negative evidence SO far as the hypothesi 
ual imager 2 pecially since the alpha rhythm type supposedly associa 
api. is clear pM found most frequently among the blind. ; 
"Th; à rhythm Ses blindness is a complicating factor here as the amount and amplitude of 
Is, howeve ound in the blind records was less than in the case of the normal subjects. 
Th hose So, does not seem to invalidate the argument, but rather constitu i 
tefo Y othe: claim that absence of the alpha rhythm is associated with visual imagety- 
or sis under investigation seems at present to be too simple and to need some 


m * 
ulation before it will fit the facts. 
Go 
Hy $ : (1943) have suggested that the occipital alpha 
aa tom different subjects may be tentatively classified into three types, M, R, 
sequence f record shows very little activity at the 8-13 CPS: 
Y and what there is tends to plitude. The R or responsive type 
the subject 15 


Show. 
esis, the “classical” alpha pattern. He 
particularly 
P or persistent type 


Song wi 
^ al, n es closed, but is blocked or much re d 
E d i | work. Lastly the 
Sa y emotion, and by mental wor he F ; t 
i block. alpha rhythm of average (10-50 pY) amplitude, which is relatively difficult 
t, are differences in 


Assoc; 

Prey. SOciated wi . . M 

3 with these differences 1n alpha rhythm, they sugs! 
ly since his occipital lobes ate constantly 

eer 3» other hand is found in 


aes; enti 
aang agate The visualizer, s int 
Ject o produce the M pattern. he P type o. : : 2m 
Vhile th Whose imagery belongs predominantly to the auditory-kinzsthetic modalities, 
se imagery js mixe : ; 
i the investigators 


e . 
In Bau is found in subjects who diat dom 
le ishing their subjects characteristic ype i ators 
queat inented oe heir eet introspective report with a record of their subjects 
at Vis 2 following a study by Golla and Antonovitch (1929) in which it is claimed 
t Bronp of 2 breathe regularly during mental work, but yocalizers do not. With 
E 3 B subjects they show an association between EEG and imagery type of 
MEn Predict 
lna: ed. f ; 
atic, e *r exploration of the possibility that the EEG ma be used in this way to 
nd} Jip chological functions has been Ca jed out by Short (1953) and Short ene 
a ter (1954). Short's investigation serv date dm. 
j k to carry OU 
a € used 150 subjects and asked them to Carry ge 


Rp tipli 
G ap plication i terial, and solving mentally a SP 
P Wee pe none jd an introspective report asked for at the 


reathing records Were taken, an 
gl 


end of each task. Significant associations were found between imagery typ® 
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TEE ; jects 
respiratory type, and alpha type, with the qualification that two-thirds of the subjec 


belonged to the mixed or R type. i 
He second investigation an attempt was made to get away from depen 
upon introspective reports. Subjects were given spatial exploratory tasks to P 
in which they had to draw and recognize figures outlined by means of a groove 
they could follow with their fingers. A detailed analysis is given for 20 subj ie à to 
is claimed on the basis of this analysis that the M and P types showed themselv' E 
be significantly more efficient than the R in that they gave more correct answer 
took less time to arrive at them. As an explanation for the result it is suggeste 
consistent vs. fluctuating imagery is the crucial variable. . ;gpted 
While designing an investigation into the Space perception of blind and SIER 1 
subjects and the possible effects of longer and shorter periods of early vision (7959 esis 
appeared to the writer that there might be an opportunity to test the pue = 
relating imagery to EEG. In particular, if spatial problem solving proved signi S tha 
more efficient among those who had enjoyed vision longest, it might be assume! ch à 
this was because of some visual component in their performance, and if Ass 
superiority was accompanied by differences in the alpha pattern the hypoth poth 
be supported. The advantage of the proposed experiment lay in the fact tha E 
the variables were objective, and that no appeal to introspection, either direct 3 arj 
way of a previously established connection with breathing, should be E. 
Accordingly bilateral occipital EEGs were taken from all subjects throughou use 
experiment. Two channels of an orthodox four-channel encephalograph were ul 
feeding into a Marconi pen unit. In view of the large number of short and irreg 


resting/working periods analysis of the records was carried out by means of cali 
and ruler. Each record lasted 30-40 minutes, during which time the subjects eU the 
out a number of tasks, Performance was of a kind that could be scored, an 
Scores were related to the dur. 


ation of the subjects' visual experience. 
Subjects and procedure. 


Thirty-seven blind and 37 sighted subjects were used, the two groups being m2 pef 
for age, sex, and intelligence, In addition 


;o furt 
the blind subjects were divided into two fy, 
matched groups containing 19 subje ir sig 
and 18 subjects who had become blind since the a 
preceding the investigation, 
Merrill scale was used, and i 


tched 


d subjects an adaptation of the im 


n the case of the sighted a Moray House group test. 
are given below. 
E E ee 
No. Mean Age Mean I.Q. 
Blind  .. 95 37 14 y. II m. i III:7 
Sighted .. M 37 I5y. 3m. 116:1 
Early blind 5n I9 14 y. I1 m. II2:2 
Late blind d 18 14 y. Ilo m. III:05 


The age Tange was 9 y. 8 m.—19 y. 6 m. in both groups. 
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a chair with adjustable back and leg 


While doi 
oing the tasks the subjects reclined in 
and the experiment took place ina 


rests. Si : 
eei eo ae 
nd end of . Resting records were btai ! j 
ar E cach ; obtained from each inni 
: ndsley, iom) sies e and between tasks. In view of pp eae 
ett the subjects at vase de may ede or inhibit the alpha rhythm. Na Een i T d 
oice since he I e. e blind children were f mili zii e itera 
Notes since eS EE ith 1 re familiar with the experim ter’ 
Tire with the blind school for a be H CN the 
Eee Loren care from the experi number of ys vole 
yere. familiar PEERS pes school attached to a teachers’ iun ie 
as. vi iti 
was a figure-recognition test devised by Worchel (1951). In it the 


Subject 
was given twi 
two small wooden blocks one ineach hand. He could manipulate thes 
: e 
then given, one after the other, four 


as he liked 

steer bl ES ws bene his hands apart. He was 

irst two blo ad to say which of these could have b i 

un een made if hi 

ight or Wrong. E. eee There were seven such series and the ibe nad DEAS 
e important differences found were those between the blind and the 


Sighted 
and between the early and late blind. 


Mean Score S.D. N 
Blind E- à s 
mc S $8 ts 
Dif—r3 - 1—44 P «ool 
Early blind 
J 41 1:52 19 
Late blind ʻi 5:6 1:08 18 
Diff. = r5 12341 pP «oo: 


metimes suggested that 
lind subjects moved the 


ta the subjects’ reports SO 
ow sightless eyes as 


addition several late-b! 


In ET * 
dditi 

ition to the quantitative da 
before their n 


Y were trvi 
the Problen ne to use visual imagery. In 
ugh trying gures this way and that in the space 
g to see how they might £9 together. 


had to follow à patte 
r of his guided rig 


In 
toner the 
ching cond test the subject a square peg-board, 
et auen one at a time wi ht hand according 
9 be DERE. The peg-board 
come the bois: were removed. 
ives hole oles they had originally occupie' 
ole. On this test the performance of the late blind was sign 
The difference between the two blind groups 


is e, Of cith 
f either the early blind or the sighted. 
ons are given in the paper on y 
e of the sighted 


These were given 
D 


ise 
to yy impo 
i Which werent one for our purposes- Reas 
erence has been made, for holding that the poor performance 
thetic cues. It seems reasonable 
o the fact that the 


to up Was d. 
lat, PPose the to lack of skill in dealing with tactile-kinaes 
b at the difference between the two blind groups Ww 
"ug for a longer Pe 


maj, Ind hi 
kin ad continued their visual learning 1 
] skills in their solutions. 


B usi 
S. D N. 


Mean Score . 
e bg 


as due t 


riod, and that they were 


Early blind + 39°6 131 a 
Late blind id 262 119 $ 
p «oot 


Diff. = 134 +: t=3 
Results | eeu ae er 
(1) an overall 


Con MSideration 1 3 
i m 
of the EEG records pe differences © 


Per Pariso, 
forma ne between the three grouP^ an 
e in the two tests. 


| 
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(1) A comparison of the alpha frequency between the blind and sighted groups 
(Figure 1) shows a very close agreement, We are clearly dealing with the same . 
phenomenon in either case, 


FIGURE 1x 


Blind group 
Sighted group 


No. of subjects 


lI 12 
(cycles/sec.) 


50 j II Io 36 

u » » A 
EA r e 2 5 31 
+ z 2 2 22 


| 


' 
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In examini E 
sit Gi ae the average amplitude of the alpha rhythm it was decided to use 
Pern, p s in which it occurred during 5 per cent. or more of the resting 
average derived from a few short bursts would not be very reliable. A 


compari Á d 
parison on this basis is shown below. 


Average amplitude S.D. N. 


Early blind ^n 12:4 pV m 
Late blind.. as con Kee = I0 
Total blind I 

[ iA 3 BV. 3:46 2I 
Sighted .. = 19:2 pV. 8:35 36 


Diff. (blind and sighted) = 6:2 pv. t= 2:665. P <0-02. 
E ene between the two blind groups is not only not significant, it is 
of the Er UNES. If, instead of the average alpha amplitude, we take the mean 
early blin, vci amplitude from each record, and include all records except the one 
'9 uv Samana above, then the figures for the blind and sighted groups are 

Bin 30°3 pv and the difference 1s significant at the 1 per cent. level. 
it was fou E now to the threefold classification of alpha types that has been suggested 
Categorie nd possible to identify most of the records as falling within the M, R, or P 
impressi S. Some borderline cases were observed, but the records did not give the 
howey, lon of belonging to a continuum arbitrarily broken at two points. In addition, 
Notice er, there were three anomalous records. Two of them might have escaped 
» though in both there was more alpha present during the tasks than during rest. 


FIGURE 2 


Problem begins 
É tu ei teh MEINES IMS 


3 A secte Sect reno e WW 
p "aUe EE EST A; 
50 u.v. 


t +25 sec. 
m 


pog : 
€ Miscell oes it 
O EE t eee TE 


t +25 sec 
C. Persistent D Minus 


B. Classical 
g and end of orientation problem. 


A. Classical reversed 


Types of alpha rhythm at beginnin 
rather striking reversal. of 


s at the beginning 


The 
the 
n Figure 2. The 


thi , à 
rud showed on the second OF orientati 
d en Sical type. A tracing from this and t 
po d of one of the items in the orientatio 
as classical reversed was à 12-year- 


ect 
b B E 
Whose record is describe 
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Blindfolded and relaxed she produced a record in which low-level potentials M 
occasionally broken into by a burst of alpha. At the beginning of each item in t 3 
orientation test the alpha became continuous and remained so until the end, when ; 
subsided. The relationship was not so well defined in the figure-recognition b 
The alpha also tended to appear with auditory stimulation, but was absent when t 
eyes were open. 


. Omitting the three anomalous records the distribution of subjects by alpha typ 
was as follows:— 


M R P 

Early blind.. ae 10 9 I 
Late blind .. D 9 6 I 
Sighted 3 20 12 
Totals .. un 22 35 14 


the grounds that most of those whose EE 
pattern would make them visualizers are in 


riticism by the fact that of the three eani 
ated with confidence that they had nem 
o the R with a low-level alpha of 10-15 # ) 
d subjects elsewhere (Baudouin ef al., x09 
atthews (1934) that the blind show no alP 

y the fact that they used only three subjects. 


t 
This may be related to ec 
€re was a tendency to manipulate the obj 


before the eyes, and to the Adrian and Matthews finding that “trying to see" abolished 


the alpha rhythm. 


If we group fi eg iti wing 
ees, & P figure-recognition test Scores by alpha type we get the follo 


TÉ CMT NN 


Alpha type | m R P 


Mean score , . 


— PÉoÓ—] — À—] — A 


i 
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M grow 

Amore qu wa explanation may come from recent work on the 

a ERN ation in different part : i i 

à djustive a (eee Ma pr s of the cortex and its relation to patterns 
n ; i : ; 

persist, E Muda test there was a greater tendency for the alpha rhythm to 

expense of psy the numbers grouped under each type show a gain in P at 


Alpha type EE M R P 


Mean score. . 7 E : 
Mese. cp m m 


In vie 
w 
of the very small differences it would be misleading to make anything of the 


act tha : 
he ‘te trend is again in the same direction. 
[) Er general conclusion which it seems possible to draw from à consideration 
the E on the two tests is à negative one. When scores are classified in terms 
of visual experience that subjects have had, then the figure-recognition 


es: disc; REG 
rim : - 
og blind rm between the blind and the sighted groups as well as between the 
l ups, and the orientation test discriminates between the late and early 
kind of visual function 


ind. Tt; 
mE dt : ó À 
is cogor PM to avoid the interpretation that some 
in the performance. On the other hand, when scores are classified 
oups is significant. 


ln term 
s 
Ey, of alpha rhythm type, none of the differences between gr! 
be introduced by the use of blind 
te alpha type to visual or other 


en if y 
^ if we allow for complicating factors that may 
t has been made. 


Jects 
it would seem that the proposal to rela 
i imple form in which i 


s of Craigmillar, Moray 


s to the headmaster: 
to his co-experimenter 


The wt 

wi 

E use, gd would like to express his thank: 

mot d MS Heriot's schools for providing subjects, and 
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MISCELLANEA 
A MODIFIED FORM OF WHEATSTONE’S STEREOSCOPE 


BY 


G. C. GRINDLEY 
From the Psychological Laboratory, Cambridge 


ETES f 

i avoided by using the well-known principio » 

the Wheatstone Stereoscope (Wheatstone r8 8), but with Semi-transparent mirrors ins een 

& a common fixation point to be Audi 
makes it Very easy to vary, quite indepe 

itched on or ofr. M" 

The Wheatstone Principle has the obvious disadvantage that it requires a much Do 

piece of apparatus than most lens-type instruments, but as the aim was to study in de ae, 
exactly corresponding Points of the two retini 


llowin, 
through the mirrors. The arrangement also 


while. 
II 
DESCRIPTION OF APPARATUS i5 
A Semi-diagrammatic Section of the @pparatus, at the level of the subject's eyes, * 
given in Figure r. 


indow$ 

a cp the eye-piece are two bro 

Square and se arate a bl i in. wide, 

allowing amply for the differences in inte nee by ack Strip about r in 


S in Inter-pupillary distances in adult subjects. l 
nside the main apparatus BBBB (a box of hard-wood materia], atipported by asics 


T from Figure 1 During th <posure period 
eyes look directly at a fixation mark Eats ince of 28 the pre-exp 


» at a distance of 2 in. When either oe 
ce an i 
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any desi i ü 
j S Eo diagrams can be drawn, or pictures up to post-card size can be mounted. These 
ie.to the s ers which allow a fine adjustment backward or forward in the apparatus; 
or right in the reflection seen in the subject's eye. 4 


FIGURE 1 


FRONT 


B 
BACK 


[9] 12 
- SCALE OF INCHES 


The 
centre of EU setting is that the centre point of each card coincides optically with 
Pue la e fixation mark, F. This mark is a St. George's cross finely drawn on an 
| W umi ntern slide (each vertical or horizontal arm projecting 1 in. from the centre). 
filters p VOsity can be varied over a very wide range by the insertion of suitable neutral 
Tp ction a Figure 1) between the lamp L and the cross. Such a fixation mark, in con- 
is P MAT the mirrors M,, Mẹ has a very useful (but, admittedly, unexpected) feature. 
faj car tha er a ray of light from F through the mirror M, to the subject's right eye Ey, it 
ter, i at double reflection in the glass of the mirror M, will produce à second, much 
imi; Image of F and that this will appear slightly displaced to the subject's left. 
tly displaced to the subject’s 


Tj T 7 3 
ight ^ Y the mirror M, will produce a “ghost” image sligh 
he subject reports seeing clearly a figure of 


us if in the pre-exposure period t 

he is correctly accommodated and converged, 
Illustrated rather dramatically by some 
y one vertical “ghost” line, and this— 
tics of the matter—is on the opposite 


m --P 
r= 


ls form 


, we can be sure that 


Gnd y, ae 
Ver, tat bale 
to mans eyes are working. The last point is i 
ja their mu "eye-dominant" subjects who see onl 
S to w zb rise, if they have not worked at the op 
pi Ehe card. they may know to be their dominant eye. i 
of Ne of Fi 5 C, and C, are illuminated separately by lamps in compartments below the 
the Po: igure t, and therefore not shown in the diagram. By trial and error adjustment 
digg concn of the lamps, and of the size and position of the aperture connecting each 
Use ,pPartment with the corresponding card compartment it is easy to arrange a 
Sensibly uniform illumination of each card. That this is not a “brightness 
i asurements of different parts of each 


ter is placed in the position E, or Es. (An 


: S È 

sd. insta in the mirror when the photome i ! 
bulbs ‘Ment is excellent for this purpose.) With the apparatus now in use, and with 
» the apparent brightness of a plain white card is about 25 milli-lamberts. 
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The lamps are ina circui 
that either ca; 
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P staff of this laboratory for much help i 
Struction, and also the staffs of the Clarendon Laboratory, Oxford, and de i thank 
Laboratory; Cambridge, for the Preparation of the mirrors. I should also lik 
Dr. H} Asher, with who; 


Stereoscopic viewing. J. phot. Sci., 1, 192 19 
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e 
many of them at reat length) may i 
e problem of Sensory attributes and Gestalt qualit: the 
and temporal Organization, the piabtem of fi jour 
body-mind problem, Although the lack of irect concern with problems of behavi 
Professor Metzger's wy, 


some most Ingenious demons 
abundantly Te i 


ad 
as far to go if it is to regain the e y 
y yei lor to 1933, Professor Metzger's work will certa 
e-establishment of iti ards in European scholarship. sent 
PSychological eyes from their D 


O. L. 
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APP c 
ARENT FLUCTUATIONS OF A SENSORY THRESHOLD 
: py W^. 


R. C. OLDFIELD 
From the Department of Psychology, University of Reading 


An 
thresh account is given of i 
4 olds of a method for the nearly continuous recording of sens: 
qreshola aree pd psycho-physical variables. Its application to the dine eine 
me it -intensity is described. It is found that this threshold, so recorded 
ent, 


regu ; Ah 
gular fluctuations in time, excursions 


9 evide 
nce 
i T period due found of any general trend in amount of fluctuation thr 
oun Observation. Nor, except in one subject, was 


I 
INTRODUCTION 


The 

“in Ga ea and techniques of classical psycho-physics left little room for 

B! Uation in of the possibility that thresholds might be quantities subject to inherent 
Ite in time. The notable variability of single threshold judgements, even in 


‘Umsta; 
me tances as uniform as the experimenter could devise, was handled by statistical 
physical science. The 


ns ; 
i ptio ired by the theory of errors of observation in 
9m the « of the threshold was largely that of a definite quantity to be disentangled 
5 o inevitably introduced in the process of determining it. Inherent 
and S, if they were present, were thereby smoothed out along with truly 


Cone me ` 
Onsu, Variations, The effect of this expedient was not lessened by the time- 
i Full application of the 


mi 
ast d procedures demanded by statistical design 
RE eri n, for example, might well demand a set of observations lasting over 
© prese an hour, with one threshold-value as the outcome. But if fluctuations 
* eye, wb they may quite well be supposed to occupy periods of the order of minutes 


Seconds, 
ity of fluctuations in 


To) 
i8or PA another point of view, however, interest in the possibil 

ations of Urbanschitsch (1875), and was 
t fifty years under the heading of “‘fluctua- 
d that weak stimuli (around absolute 
ted by observers aS subject to irregular 


ap, old 
Dpea,, X level) of constant intensity Were repot 
of observers simultaneously listened 


to an 
Te ied and disappearances. If a number 
ible -*Ing of a watch, for instance, all would report periods during which it was 
hich it was not. Other faint auditory 


Sty, ^ S, i 
muli ga TSpersed with periods during W 
€ the same result. Urbanschitsch hi 
IOI 


mself, having as he thought exonerated 
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d 
i -drums, ani 
A jects with perforated ear- : E 
i ear by the use of several subjec Wes 
the Pm enr iw Pa attributed the Dr M mcer a fatigue 
n z ility” of the auditory nerve, amounting to su e BRAE ori 

i nds CHA (1888) pointed to a number of objections to belt v A 
Sq m RE found simultaneous fluctuations in the auditory an 


; h as eye 
ibiliti Í peripheral adjustive mechanisms, suc „Breuer 
B ue Ks m vum eee. po to BE tain, 

i factors other than attention. The conc usions we ion of the 
ae Gallon Gon) Successfully demonstrated that the Statistical ERE Y 
phases of appearance and disappearance of a constant (visual) dies u ical expe ent, 
value is the same as that of the positive judgements in a EUER assumption 
and follows the phi-gamma hypothesis, He concluded that the 2 

i ion is superfluous, ; . iom 

P mt fluctuation of threshold in its relationship Pe ep. 
findings of Head (1920) upon subjects with parietal lobe lesions had produce 
Ielevance. Head noted, among patients in whom cortical eS ariability an 
disturbance, but not loss, of cutaneous sensibility, a very marke de in relation 
unreliability of Sensory judgement, Sensory responses were not vie ted body-are 
tothe intensity of the Stimulus. The patient behaved, so far as the affec 


ke 
3 4 ad spo 
was concerned, like a normal person in an extremely inattentive state, and puse 
of a “loss of local attention," He regarded such disturbances as due to a 

or impairment of the physiologi i 


A imuli are no^ 
Ogical (cortical) mechanisms by which stimuli are 


nsisten 
€ relationship to one another, and thus lead to co: 
conscious judgement. 


Godfrey Thomson (1914) 
point threshold duri 


; the 
the differences amounted to six hr ; 
averaging results for four subjec 2 Was 
Trecting for diurnal Variations and inter-subject CE Se 
a rise around the seventh minute, within 
ve since investigated the variation 


d the 
1953) for instance measure f 


probable error. The trend r 
sessions (after co; 
fall in threshold 
by a fall to the 


en 


change throughout th 
sessions. The presence rse; 
oscillations Whose peri, varied from session to Session, would not, of cou 
revealed in his results, theime 
The closest Study of fluctuations within a single session is that made by Mee $ 
tained Y€s-or-no judgements to a single stimulus rough? 
nd near threshold, at six-second intervals thr ds, 


FLUCTUATIONS OF A SENSORY THRESHOLD 103 


periodicities were f i 
ound, with som Jati 
Ruine ER , e correlation between the two sensory m! d 
We Biers « of threshold-fluctuation over the six-second Pd pe ae 
Biiositive res xperiments cannot be assessed, since his data consist of renee es 
esi vals ete, toa single-stimulus value. Further experiments, using feces 
minutes. ae Mim judgements, gave similar results, with periodicities up to 27 
he had found Fc oi also examined possible day-to-day variations, and considered 
ES on (1o E ence of significant changes in his observations. Other workers, e.g. 
eod "s ) and Harper (1952), have likewise noted such longer term Tanto. 
other forms p then, that there is some prima facie evidence for fluctuation and 
Bre prese E hange or instability in at least some sensory thresholds. 
threshold id communication reports observations on fluctuations of the difference- 
iios. g p measured by one particular method in one set of con- 
on pecifically, answers were sought to the following questions :-— 
o p 
() pre extent does the threshold vary during a period of half an hour? 
ien i the general characteristics of such variation and, in particular, is 
vious evi i 7 k iodici : 
N er tena? evidence of either any W ell-marked periodicity, or of any 
A : 
em there differences in the amount of fluctuatio! 
i91 riod of half an hour? 
n : 
s series of half hour sessions, is there eviden: 
Th nature and amount of fluctuation? 
. ihe da : - 4 
might not ba allow us to give answers to these questions. These answers 
Oped to ay course, apply if the conditions of the experiment were changed. It is 
d port in a later communication further experiments bearing upon the factors 


termin; 
ning the effects observed. 


n at different times within the 


ce of any systematic change in 


II 


E^ al Principle METHOD 

bri ‘ 

(la aa account of the method used in this investigation has already been published 

prence 1949). The general principle involved is perhaps most easily explained by 
act iff o its use for the determination of an absolute threshold, although it is in 

Th E eoa with which we are concerned in this paper. N ' 

a inten, € that we wish to determine the absolute threshold for sound intensity. 
8 sity of a tone, supposed initially to lie below the threshold, is increased at 

h-button which 


Mstan: 
S Is ao aes by a mechanical device. The subject is given a pus 
wh cted to press when he hears the sound, and to keep pressed for so long as 
ails to hear anything. When 


tha Cars i i 

ae oe releasing it when, and for so long as, he f t 

e st; 911 IS depressed, the effect is imi he mechanical control of 
ishes at the rate at which it 


Im) 7 "ios 

Previogg es intensity, so that the latter now diminis 
Y increased. The subject ceases to hear the tone, an 

ted. Movemen 


Co 

Mi ntro : 1 

SChani l again reverses, and the cycle is repea r 
and consist of a series 0 


t n 
epe shown, recorded on moving paper L c 
br, sion ain Figure r. We shall refer to the range of stimulus-value over which an 
Mg ab is made as the indifference-ranse- A change in the threshold-value will 
d the stimulus-values corresponding 
f the cursive threshold. 


t 
p the id ta shift in the pattern of excursions, an 
-Points of the excursions will be referred to as values o 
der to distinguish the threshold so determined 
d to avoid gratuitous presupposition 


ls 
fro arbi 
9) itr. SOS : 
Bühus y term is introduced in or 
res resulting from other procedures, an 
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‘ ; in its 
as the nature and causes of any spontaneous fluctuations which may be found i 
value. 1 À f ting 
It will be seen that the process involved is essentially a cyclical one E teen 
negative-feedback, the subject acting as a discontinuous o corden in ie 
Bekesy (1947) seems to have been the first to use this principle, which he app 


ount 
audiometry. (Ignorance of this prevented acknowledgement when my first acc 
was published.) 


FIGURE 1 


INTENSITY 


7*j Indifference Range 


TIME 


Xcursions of control shown in heavy line, 
Points of excursion in dotted 


Basic principle of method. E 
connected mid- 


anding of the central aspects of sensory processes: , 
As Tegards the cycle of oper: 


. H $. a. 1 i d E 
ations Itself, its quantitative characteristics, ne 


E 
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difference of stimul i 

eee or ul us-magnitude between the ascending and des i 

bjt’ oe = Mer. 0m [o cred the mM 

judgemen ` art. More subtle factors, such tie 

E pem pem by the subject, and his tendencies to anticipate ism andis ES 

e the enl s em of pressing and releasing the button, also play a art 4 Of 

change of ve eal under the effective control of the experimenter is ic rate f 

io com prier ipn In practice it was found convenient to adjust thi 

E oot plete cycle of operations in about five seconds. This incorporat i 
hreshold decisions, one ascending and one descending. cr 


Morem experiment. 

, lhe i i 
intensity. Thi experiment is, however, one upon the difference-threshold for sound 
considerably s is threshold was chosen to allow the experiments to be conducted at a 
The form z E ud at level and thus off-set the lack of a fully sound-proof room. 
ehstoa pur DE us-presentation was that used by Riesz (1928). The subject 
of the Nu e tone which is amplitude-modulated by a sine-wave having a frequency 
Biniccelves seven per second. When the modulation-depth is below a certain value 
creased he e pure tone of unchanging loudness. As the modulation-depth is in- 
Modulating : aware of a tone which fluctuates in loudness at the frequency of the 
matically a wave. In our experiment it is the modulation-depth which is auto- 
Tecorded as creased and decreased linearly with time, and the threshold is accordingly 
Tt ee modulation. 
be noted that the threshold-values so obtained are therefore different from 


Corres, 7 

pondi; : 

S E stated, as is more common, in terms of intensity, though connected 

5s Ce in such ion. In the present experiment it is arranged that the modulation takes 

nstant, irr a way that the intensity averaged over one modulation-cycle remains 
espective of modulation depth, as shown in Figure 2. 


FIGURE 2 


Ti, al 
Hig A, 
UU l 


rron 


odulated sine-wave. 
be t (COE A, is the maximum amplitude, and A, the minimum, the quantity 
aken as A.) /(Ay + A;) is linearly represented on our records, and may conveniently 
an index of differential sensitivity. The more conventional AI/I will be equal 
Ay, Az OF 3A + A,) according to arbitrary 


A? 
3)/A?, where A may be taken to be 
‘A,) is small. ‘Adopting the last alternative as most 


shold 
AI/I = 4(Ay — AS)/(Ay + As)® 
= 4(Ài — Aa)/(Ar + A4) 


=2Te 


Amplitude m 
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The threshold as indi , 
: d as AI/I. : B 
Wo Er of some importance is the following. We have E e. be 
stimulus consists of a pure tone sinusoidally modulated in amplitude. This 
expressed analytically in the form E 
E— 4(A, + A,) sin 27 (F 4- f t 4- (A4, — Ag) cos 27 ft sin 27 


s f the 
where A, and A, have the same meaning as before, F is the modulated, and 
modulating, frequency. 


But this is identically equal to 


5 = Aj sin zz (E+ ft H4 (^, — Aj) sin 27 (F — f)t, 
and it is clear that the stimulus may equally 


shold 
icated on our record is, therefore, one half of the thre 


of figure and ground in an ambiguous design. 
The actual conditions in which the 
follows. The pure tone was one of 500c. 


It was modulated at 
Y was at a maximum f 
per cent. at 7-5 Cycles. 


applied to both ears. 
small "sound-proof" ca 
Provided with double. q ated by a forced draught system, the duc 

of which contained sound-absorbent Splitt o! 
stimulus tone. The amount of attenuation Provided by the cabinet itself was ? 

high, but, Supplemented by t i 

effect of the stimulus- 
control and recording- 


day. Humidity was low, and stable at approxima 
30 per cent. 
II 
APPARATUS 
A block. 


d 
é heal 
gure 3. The output from a M xdulatof 


d, 
E ose! 

: É -> Motor with gear-chain, en i t 
TSing-relay, in a box for Silence. The final shaft speed was 6:7 


:- — £D ——— 
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Reversi : 

aos sn Carried out by commutation of the armature supply by means of a double 

pear-shaped os Fe operated by the subject’s press button. The latter was an ordinary 

connected to a -push, chosen for its lightness of operation. The motor-shaft was 

no appreciabl A of the potentiometer by a drive which, though flexible, introduced 

circuit, to e backlash. A A ballast resistance was introduced into the motor supply 
, to moderate the violence of the reversing action, but, as judged by the recorded 


tracin 
g, the reversal was sensibly instantaneous. 


FIGURE 3 


OUTPUT 
VOLTMETER 


ATTENUATOR 


SUBJECT 


CATHODE-RAY 
OSCILLOSCOPE 


MODULATOR 


CONTROL 
UNIT 


AUDIO- 
FREQUENCY 
OSCILLATOR 


LOW 
FREQUENCY 
OSCILLATOR 


Block diagram of apparatus. 


as equal to the 


Als 
ange ‘Seuss on the motor shaft was a pulley whose circumference W 
Pulle Tavel of the recording-pen. A length of good fishing-line was attached to the 
nd pulley to a 


ya 2 
RO nd wound twice round it, tied to the pen and passed on over a seco 


u. 
erpoi = 
Control P oise. Safety-stops in the form of pairs of contacts prevented the pen and 
Subjecp Bear from travelling beyond their limits, and the circuit was SO arranged that the 
Subject po h-button would over-ride their effect. Thus if, as happened at times, the 
Pressing lowed the control to proceed to the maximum modulation condition without 
and dd his button, the control would make small oscillations to and fro at this position, 
Onit gay to respond to the push-button when it was next pressed. 
aD Rue m Calibration. " 
i odulating oscillator output Was checked visually against a linear time base on 
the $ oscilloscope. This US as ime-base against which to display 
he Sh Put to the telephones. The picture thus obtained has the outline of a trapezium, 
ts the minimum amplitude of the modulated 
f these sides for various 
Sof the cont i d paratus to be calibrated. 
det, © same +: ontrol potentiometer and t 5 REGA l 
S e tim linearity on the part of the modulator 1S easily 
M eed Here T y um then cease to be straight. Under 
he modulator was found to be 


Measurement o 


Y linea: 
: i a valve volt- 


e x 
ie actual output to the telephone y measurement with 


s was checked b 
hout the experiment. 


' and maintained constant throug 
IV 
Fi PROCEDURE 
a adult subjects, two male and three female, were used. All were found to be 
cally normal by the E.N.T. Department of the Royal Berkshire Hospital, with 
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the exception of one man who had a localized loss in both ears of some 25 Db. at 8192 | 
cycles to air-conduction. This was thought immaterial, as the highest frequency | 
involved in the experiment is 507:5 cp... None of the subjects had any history of 


> 


IO secs. 


FIGURE 4 


Tracing of complete record of 30-minute session. Time-marks 


ru 
99^ 


= “2 mae 


E 


rn 
D 

o 
= 


an '9 


middle-ear qj " j 
acm Didi fies Were all members of the research and secretarial 
Sychology, Reading. Their ages ranged from 22 to 3^ 
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Ea 1 

EL e attended on seven occasions. At the first, a practice session the 
the enger 3) 3 were discarded, the nature of the experiment was explained! and 
DNE of th, he modulated tone demonstrated on a loudspeaker, together with 
SES Tof the e push-button. The subject was asked to try to settle down for the 
and keep it x pee (of whose length he was told) and simply press the button 
d RR p E for as long as the tone appeared to fluctuate in loudness, releasing 
lera, and zn appeared steady. He was warned against adopting over-precise 
Meist was then a try to maintain steady over-all behaviour. The sound-proof 
[ES Wwitched : closed, the stimulus switched on at full modulation, and the control 
Ou. Duri o automatic. This first, practice, session lasted for a quarter of an 
ing this time the maximum modulation level was adjusted so as to place 

| 


the subject? 
Rue record conveniently on the paper. This level was generally found 
on subsequent occasions. 


he si : 
ix experimental sessions were sim! 


hour 
neni was unfortunately impossible to arra 


ilar, except that each lasted for half an 
nge these further occasions at regular 


s, $ ? ds : 5 
, but the whole series was completed within a period of six weeks, and no 


Subje 
ct h; 
ad more than one session in a single day. 


V 
RESULTS 


Our n 
data consist of thirty records each incorporating an irregular curve formed by 


Joinin 
t ; E 4 i ó 
8 the successive mid-points of the excursions of the stimulus control. The not 


inconsi 
Si derable labour of plotting the mid-points may be alleviated by the use of a 
atus which automatically 


e À 
8eometrical gadget. (A form of recording appar 


Plots 
the mj i 
* mid-points, and not the excursions, has been constructed. It is hoped to 


descri t 

a A pos in a forthcoming communication.) The difficulties and pitfalls which 

Rives Ey attempt to obtain a complete analysis of periodicities and trends in such 
Ut in NS notorious, and no elaborate statistical treatment is contemplated here. 

Prelimina; er to gain some quantitative notion of the effects found, the following 

Were Sel Ty reduction of the data was carried out. Nine periods each of three minutes 

alw; ected in each record. These were, in general, the first nine periods—it was not 


| Vays f E 5 
lines found possible to select ten full three-minute periods. A tracing of horizontal 
aced over the record, and 


Sc 
the Ton bonding to intervals of A I/I of 1 per cent. was pl 
i ae on of each period during which the curve lay above each of these lines 
ution E Sured. These values were plotted against A I/M, giving cumulative distri- 
Were ign On each of these the median value, and the semi-interquartile range 


nerag 
1 ty, The Character of the Records. 
minu of one record is reproduced on a T 
Ole a period from another is shown in 
1) Th es reveals the following characteristics: 

E is no general trend up or down of the cursive 

e half-hour period. Since no special precaution : 
E ™plete constancy of calibration as between different sessions, the absolute 
aS of the cursive threshold obtained are not comparable—only the amounts 
(2) 1 Uctuation. 
oe show marked fluctuation, variations of 100 
€ occurring over periods of the order of a minut 


Uncommon. 


educed scale in Figure 4, and a typical 
Figure 5. General inspection of the 


ive threshold itself throughout 
s were taken to ensure 


per cent. in threshold 
e being by no means 


W 
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FIGURE 5 


Fluctuations of cursive threshold (Te 
Dots show Successive threshold judge 


) during one 3-minute period. 
ments. Time-marks = ro secs. 


126 FIGURE 6 


Ss 


È 
e 
= 


MEAN 


Semi-interquartile range of Tc x 100 


e 
S 


5, 


E 


FLUCTUATION 
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FIGURE 7 s 


112 


0:84 
5: 


056 


Semi-interquartile range of Tc x 100 


FLUCTUATION 


S4 


5 6 


4 
: 2 2 SESSIONS 


Fi à 
"etuation, averaged over all periods, by Sessions, 


(3) 
S 
(4) v 
70 Clear periodici Is itself to t 
3 © BP aig icem. appears to be fairly constant throughout each 


i ion to 
Session, and there is no marked trend in amount of v pdt in So 
Session except in the case of subject 5, whose fluctuation rose stea ily 


Sut the seri l 
(6) eT eU differences. between different subjects ED ER 
la) the si . aifference-range, (b) the constancy or 
m n e Y s amount and general character of the ot 

p habtet were these features that records by different subjects c 


Often be distinguished and even identified at a glance. 


for separate subjects, and mean. 


parent throughout each 30-minute 


fairly simple oscillatory character, 


he unassisted eye. 


| 
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(7) The great majority of the records show an exponential-form drop in mu 
extending over the first minute or so. This would correspond with wa E 
usually taken as a "practice" period in a conventional psychophysical exp d 
ment. It amounts to a fall of about a 100 per cent. of the threshold value, a 
where it appears is so Tegular in form as to suggest some specific adapta 
process rather than a general habituation to the experimental situation. 
Presence was no less marked in the later sessions than in the earlier. 


Quantitative Analysis. 


These general findings are borne out by such quantitative analysis of the data m 
it is possible to make. Figure 6 shows the variations in the amount of fluctuation 


S taken over all sessions. Similarly Figu 
, the averages being taken over all periods. In tl 
sented by the broken line, shows substanti 
constancy, while in the latter there ap i y 1 
quence of sessions, although this is largely 


contributed by Subject 5, whose apparently anomalous behaviour can be seen from 


t 
; We arrange the subjects in order of the amou” 


of fluctuation shown Within that session. Then if there are consistent individu 
differences between the subjects 


prevailing throughout the Sessions, the order shoul 
be to some extent concordant. This may be tested by calculating the coefficient he 
concordance, W. (Kendall 1948). (In each case, the lower the rank number, t 
smaller the amount of fluctuation.) 


We have:— 


nue o ONT 


Sessions (m) Total Over all 
I 2 3 4 5 


6 Ranks Ranks 
I 2 2 2 2 2 2 I2 z 
2 cer Gc} 2 
Subjects 3 4 4 4 3 E $ al A Ranks 
(n) 4 I D I I 1 1 6 1 ; 
5 5 5 5 5 5 


[zi 
w 
o 
Ur 


punea ee 
-—A—oswÜoÀ LEEREN 
-—————————— Oe 


6): 
ct treatment are available (Kendall 1948, APP- 

rcu Sis mend E SS OI. bs d indivi ual 
in each period, 
8, P << oor. 


cy 
tion occurring in each. Tf there is some tne 
n others, there will be some PUE o 
We therefore average the amou 
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fluctuation f. 
on for each period over all sessions and, f j : i 
pin the iss SHE ions and, for each subject, rank the periods. 


1 Subjects (m) Total Over all 
I 2 3 4 5 Ranks Ranks 

z 5 6k 4 9 I 25i 6 

E 24.5 I 7-79 24 3 

3 ae m UB Ned E 25 5 

4 8 1 2 23 4 17i 2 

Periods 2 ay tatc ign 5, 09 24% 4 

(n) x 6 8 5 8 7 34 9 Ranks 
7 I 2 3 I 2 9 I 
8 ERE RAN a es 33 8 


In thi 
cT tables for the exact treatment are not available. We therefore 
a na mee carry out z-transformation. We find W = 0:344, 2 0:370, P> 0:05, 
3 ae evidence of a pattern of fluctuation throughout the periods. The 
€ Seventh Idance between the subjects as to the small amounts of fluctuation in 
9 any mo; period is probably to be regarded as fortuitous, since it does not form part 
It Should re general and widespread trend revealed in the total ranks of the periods. 
uld be remarked, in addition, that so far as each individual subject is concerned, 


€ hi 
igh rank for the seventh period is established only by a narrow margin of score. 
tion shown in them, 


Cürioy. 


_ ina i i 
With a aly, we may rank sesstons 1n respect of amount of fluctua 
Ww to finding whether there is any common pattern of change. We have:— 
Subjects (m) Total Over all 
I 2 3 4 5 Ranks Ranks 
= 4 ase 5 I ig: 3 
ae 2 2 3 6 2 184 5 
ome 3 2 i te r 16 2 Ranks 
4 aa AA: 18 4 
5 1 4 I 3 5 14 I 
6 64 16m v2 1 6 21 6 


S — 28:00 P >> 005 


We 
conclude that there is no evidence of any consistent pattern in the amount of 


fluc: 
tua 
tion throughout the sequence of sessions. 


VI 
Pena; Discussion 
n Spes me completion of further experiments no i it would be premature 
be i ate as to the causes of the fluctuations we have observed. It may, however, 
Oh A considering briefly the question of whether the locus of the effects is likely 


Ound in the peripheral sense-0rgan, or more centrally. 
conditions in the ear itself, produced for 


xam, might, perhaps, be suggested that 
ulation, or by the continued wearing of head- 


p. * 3 
Phones. by continued pure-tone stim 
» might occasion changes in its functions which could manifest themselves in 


x d 
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i i ing to à 
an instability of threshold. It is certainly true that the experience 5 pue ee 
pure tone of constant intensity at this level is marked, won y, D n. 
waxing and waning of its loudness. Whether such an effect should be re -— 
variable operation of vaso-motor reflexes, or of Stapedius and tensor Fa e E 
or to some other, possibly central, mechanism, there is at present no pecs | i M 
But it would seem doubtful whether any hypothesis of this character cou e€— s 
bear upon fluctuations of the di erence-threshold. At the level of oper €——— 
question, the A I/I — I curve is flat, and considerable changes in the resp 


B 1 ift in the 
differences may build up across the tympanic membrane, with resulting mi e 
operating level. But to this suggestion the same objection would hold as before. 


a 
If so, this would Support a central as opposed to 
peripheral locus for the fluctuation, 


nt 
In summary, we may say that there is no property of the ear itself, at prese 
definitely known, which would be likely 


Observed. The lability of the ph 
would suggest on the other 


» F.R.C.S., for arranging for the subjects to 
otologically examined, Mr, J. W. Whitfield an 


:stical 
d Mr. A. R. Jonckheere for statisti 
Orrox for carrying out the tedious 
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CENTRAL INHIBITION-SOME REFRACTORY 
OBSERVATIONS 


BY 


ALICK ELITHORN AND CATHERINE LAW RENCE N. 
From the Neurological Research Unit of the Medical Research Council, National Hosp 
Queen Square, London 


> (le ; onse 
The observation that the response to the second of two stimuli is delayed x dr tory 
has to be made to the first has led to the development of a theory of a centra t reporte 
state during which incoming stimuli cannot be elaborated. In the experimen 
here the two stimulus-response situations have been made as s Macc Me on 


readily becomes loole 
is dismissed as nonproven and uneconomic. The present fin 


re- 
this is not necessarily maximal immediately after beers 
Ze TUIS tentatively suggested that the phenomena oic an 
n terms of the interaction between the excitatory 
muli and the internal anticipatory set. 


Skilled tasks (Woodworth 1938). 


n ity O 
division of attention was in fact impossible. It was held that where simultaneity 


: tion 
performance was apparent this was achieved by a rapid alternation of atten" 
between the two tasks. Ryle, who i 


tasks must be either attended to 
difficulty may be largely a verbal 
attention belongs to that class of dispositi ifs 
and hypothetica] (Ryle 1949). In this Connection it might be pointed out that 1 
ls regarded as a function of attention th 
skilled unless it received full attention. 
simultaneously then o 


ne of them cannot 
€qual amount of skill or attention must be 


meaningful to believe that when a 


(Vince 194 
lead to the d 


Li E * 

z - Ad - Clearly there can be no doubt that several frat of 

integrative activities can Co-exist and the Concept of the "psychological Don that 
of the previously mentioned classical contenti 
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attention or consciousness is an indivisible attribute of the organism which at any 
instant of time can only characterize one of its activities. 

Welford in his stimulating discussion states that the evidence would seem clearly 
4 indicate that this refractoriness is in the central mechanisms themselves. He puts 
orward the hypothesis that this refractoriness is due to the central processes concerned 
path two separate stimuli not being able to co-exist, so that the data from a stimulus 
pach arrives while the central mechanisms are dealing with data from a previous 
es have to be “held in store" until the mechanisms have been cleared. It is 
of Hypothesis that we decided to test. Welford himself says that the phenomenon 

€ psychological refractory period does not depend on the use of the same muscle 
Soups and that the theory is specifically applied to central processes. It was 


M therefore to make the two stimulus-response situations as independent as 
1ble, 


3 METHODS 


a rete Subject was seated comfortably at a table with the fingers of each hand resting on 
action time key. Facing him and 1-5 meters distant was a black bakelite board whereon 


ftom jounted a display consisting of a central fixation point which could be illuminated 


ehind and on each side of which there was at a distance of between Io cm. and 
n SE à cluster of five neon indicator bulbs. He was told that when the right-hand neons 
Neorg he was to press the right hand key and to press the left hand key when the left-hand 
S lit up. He was further told that he would be given approximately three seconds 


inning s, 4 look at the fixation point which would be 
Uminat > 


"light for 


Goo, ,. time separati Don the two stimuli was either 0, 20, 50, 100, 250 370, 500, 
the’ {50 or 950 od interval was varied randomly as was the side on ME. 
tha; tst stimulus appeared. For two subjects the randomization was res RUE 
occasio s Side of the initial stimulus was never the same on more than four oe EN 
eee nor was the time interval the same twice running. For the thus su apa uo 
tables h ese restrictions, randomization was complete. To derive these random 
Since it wa; E s : ; ied 
i S ion which was being studied, ce AO SOR: 
the time [ae Ceo. onion and the first determin z ee mE it 
Was Ie at which the second situation was presented in relation to DS AN SERI 
Were Ought necessary to ensure that variations in the reaction ume 9 epi pes 
Present. (ue to variations in the length of the period between the wa my um 
at ti ntation of the second stimulus. During control periods therefore Mee 
One ye ©—was omitted and this omission the subject was ponet s P s Mie 
miga oject further control observations were made. The rst S Ee do expent 
the quis and the subject was told on which si ime interval to Ea 
selle iun ee It will be seen that so 
‘ly n UN * n 
the qus Similarly we e pu iat the seeond stimulus was presen 
Presenesro! Periods. In order therefore to avoid co 
Se in ction was varied will be referred to as the cr 
Presented cradistinction gne UG o ceri de it was not presented at all. 
Pee) SESE during the con t aysanda two-channel 
Tono, reaction times ce recorded by using Siemens high cae By Dr. G. D. Dawson. 
Of (instr ) anda sample 
the MUN 


and since the variation of 


ment has been described el: 
ords obtained is shown in Figure T. 


RESULTS : dm 

Sure r, which js a reproduction of the record of aten pue PAR 

NSes mad : hi n example of the origina ata am 
e b bject J.P. shows 2 Ip E 

€s the war bilty af a responses. The principle and construction of this 


Fi 
TeSpo 
1 


lustra t 


lp 


215 


195 


195 165 
ginal chronog, sided stimuli (rows 
-sided sti he second part of this recor 
reproduced below hit ERES continuous. 
The time interval bet been written in beneath eac 
Pair and is ne, 


i NUS e 
Occasions the left-hand stimulus though second according to the randomization (i 


à Se situation) was presented simultaneously with the right stimulus, i.e, with a M 
of o m.s. This subject was strongly right handed and in comparable situations E 
right sided responses were quite definitely faster than the left. In the right hand t A 5 
responses, rows 7 and 7' are, when the right stimulus is first, fairly fast “situation? 
b, c, d, g, i, k, L, and n, R.T.S 195, 190, 170, 165, 145, 170, 200, and 170 m.S., ur 
appear to be distinctly faster when this hand is second by a good margin SSM 
f, and o, RTS 140 and 165 m.s. When the intervals are short, however, the R. i 
for the right hand when the right stimulus is second are relatively long:—situation* 
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a, 

d M RTs 275, 220, and 200 m.s. Similarly for the left hand the reaction 

500 ms. or e second Stimulus are relatively fast when this stimulus is second by 

mediate ti more :—situations b, d, and i, R.T.s 145, 195 and 165. At the inter- 

and 255 p intervals there is clear evidence of delay, situations g- and L R.T.s 225 

^RT .S., but this is not obvious at the shortest time intervals, situations & and 
'5145 and 205 m.s. These latter times are in fact faster than those recorded 


When t : 
he left stimulus was first:—situations a, e, f, ^ and o, R.T.s 215, 220, 230, 


FIGURE 2 
^^ 
pan 
r ^ 
` 
HG x 
£ x -~ - SUB). J.P. 
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S 3 Ls SUBJ. A.E. 
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5 
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R.T. TO CRITICAL STIM! 
e 
S 


È 750 370 500 600 750 950 
E a TIME INTERVAL BETWEEN STIMULI IN M.S. 


o the Se situation for each subject and for the 


Sit „ea > 
Staph Oat E ted to a common origin at time o (see text). 


group as à whole adjus 


di Because the number of experimental sessions which could be obtained was 
1 : 
ferent for each subject 


and because the occurrence of each situation in the series 

Was servations made at each time interval varied “al 
A mber Cie GE 5 consider- 
ably, pee ue whole is therefore presented graphically, the relevant statistical 
Checks iss A ese ed in a later section. The mean reaction times for the Se 
Sttuations [23 each of the three subjects and for the group as a whole are presented in 
igure 2. [n order to reduce the variation between individuals the mean R.T.s are 
Presented as a function aione idu time for Se when this stimulus was 
Tesented simultaneously with the Sı stimulus. That is to say, unit time for the Se 
*Sponse has been 


regarded for each subject as the mean observed S, reacti i 
ime o pe wen St accompanied S; without delay. s um 
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f 
For clarity and since the mean concordance (Kendal 1948) between bes 
the individual, is greater, W = o-9rr, than the concordance between n E tt 
W = 0:903, the results for each hand have been combined to give an overal abe 
each subject at each time interval. Although z is not constant the number cs Es 
tions from which each mean is derived is never less than 56 for subject J. M is 
subject M.C., and 103 forsubject A.E. The mean results for the po as we ai 
represented by the uninterrupted line; for this group the number of o = ad OD 
any time interval was never less than 222. It is apparent from the sum ee to 
that there is in this situation as in Vince’s some delay in initiating the ea NE. 
when this stimulus follows shortly after S,. Contrary however to the ul $ 
engendered by the theory of the "psychological refractory state" this 
maximal not at the shortest intervals but at the roo m.s. interval. 


FIGURE 3 (a) 
350 


vi 300: «++ FIRST 20 RESPONSES 
n —- LAST 20 RESPONSES 
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3 

a 

2 

= 
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= 
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E 
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e 

È 

£200 


0 


20 50 100 250 370 500 600 750 950 
TIME INTERVAL BETWEEN STIMULI IN M.S. 
First 20 responses and last 


20 resp 
subject A.E, (right-hand) 


onses with their standard errors of 
showing d 


isappearing inhibition with practice. 


; thi 
Examination of the individual Tesults shows that in two of the three subjects je 

inhibition was marked but that the effect was small in the third. This latter su 

had B. Most practice in the Present situation and also considerable previous eXP* 4 

ence of step. 


be due to practice. Examination of th 
partly the case, Fi 


the first 20 and t 


e 
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cl nubi ; 
ol. tition during the first 20 R.T.s which has disappeared by the last 20 
NU. E i hand, however, (not illustrated) shows little inhibition even at first 
D E xdi ie d = still be seen. Practice effects in the other two 
his E E for whom similar data is given showed similar practice effects. In 
s DAE ition was still present during the last 20 reaction times, but it had 
Ed in extent and revealed its peak at an earlier time than at the beginning 
m coment The third subject M.C. did not, with either hand, complete 40 
Situations - each time interval but the mean responses for the first and last ten 
interest 1 each site for the right hand are given in Figure 3c. These results are of 
in that they show an all-round improvement in performance without much 


alteration = 
Tation in the shape of the curve. 


FIGURE 3 (D) 
350 


300: 


^ --- FIRST 20 RESPONSES 


LAST 20 RESPONSES 
WITH STANDARD ERRORS 


250 


R.T. TO CRITICAL STIMULUS IN M.S. 


250 370 500 600 750 
TIME INTERVAL BETWEEN STIMULI IN M.S. 
The same for subject J-P. 


0 20 50 100 


05 
iro] Observations. 
Were us are restricted in extent since the occasions when situation Sj was omitted 
ubj ceed to one in five. Nevertheless these observations do provide for each 
Woujq 2 estimation of the time taken to respond to Se when it was known that Sy 
the mt Occur. This control was therefore a single disjunctive situation in which 
qn e 3 Interval between the warning signal and the stimulus was varied in the same 
vita in as in the main experiment. The differences between the R.T.s for the second 
Sect n observed in the main experiment and those observed in the control period 
erefore the effect on a disjunctive reaction time of performing one of the 
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alternative responses at time o. These differences are given in Table I. With E 
exception of the left hand responses of subject A.E., the most practised subject, al 
six disjunctive stimulus response situations Se were performed less speedily when the 
alternative response S, was performed at time o and the signal Se was presented within 
the first 250 m.s. This interference, however, was not maximal immediately after Ue 
presentation of the distracting stimulus but was greatest when the second stimuls 
was presented after a delay which varied between 50 and 250 m.s. With delay 


350 


ERN ——- FIRST 10 RESPONSES . 


300 — LAST 10 RESPONSES . 


I] 
o 


R.T. TO CRITICAL STIMULUS IN M.S. 
M 
8 


0 20 


50 l00 250 370 500 600 750 950 
TIME INTERVAL BETWEEN STIMULI IN M.S. 


o responses (right-hand) of subject M.C. showing general 
le 


_ First and last I 


“™Provement in length of R.T. without change in the shape of the curve. 


Errors, 


Although a detailed Study of premature reactions and false responses has not eae 
made thei frequency was low and not sufficiently great to invalidate the result 
obtained. For the three subjects J.P., M.C., and A.E. the respective error rates Wel 
370 Per cent., 1-5 per cent, and L'4percent. Inspection of the individua] data showe 
that the majority of false responses tended to occur late in the situation when the 
subject was awaiting the second stimulus which by then possessed a rapidly increasin& 
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probabilit z 
y. Tt is a generall ; 
expectancy is hi generally accepted thesis that false reactions t 
central ren gd y therefore lends definite support to Rcx Un 
"refractorine x 1 a function of expectancy (see discussi ation 0: 
ss" (Fig. 2) à liscussion) to observe that 
and le: Sis was most marked in the sub i 
ast marked in the subject with least errors, A.E jouit EE 


Subj 
E Hand Time Int 
X ime Interval 
o 2 
TP. z 20 50 100 250 370 500 600 750 950 
 -— : T70 o +63 +o-9 | +29°6 | +45°9 | —24°9 —44:8| — 28-0 | — 27:0 
inc T59| +07 | +215 go | +69°6 | —6:9 | 264 —38°6 | —17:7 | -3r4 
- L B 
-4o:0 | +2519 | 35:6 | 773 | *593 428-7 | —5°8 | —42°6 | — 38-0 | — 548 
R. 5 
m -R35*6 | +40:7 | 304 | 1149 4468 | +1777 | -143 —38:6| -321 | — 48:5 
E L +03 | —33° EE : 
E 34 9 ern oven er e| e oo] ee T 
NU +261 | —6:9 | 2871 qy2|-182| —4:7 | 3? Sey Oh) || S| ee 
ference 
fd steal eres | 7275 | aeteos all metic 


TABLE II 
Subj Time Interval between Stimuli 
jects eS SS na 
o | 20 50 100 250 370 | 500 | 600 | 750 ] 950 


(Right Hand) Mean of last twelve responses 


iB ` R.T. To Se 
Mc 191:7 199:6 231:7 238:8 1971 1947 Y 177: pest 170°8 164°6 
270°4 256:3 259:2 31074 277:5 236:7 215:0 19574 202° 205°5 
258 | 2363 | zs | 722°* 2042 | zzi 


Static; ; 
Wistical Analysis. 
strated in the discussion, in conflict 


i Mose of Vince and Hick they are incompatible with the theoretical formulation 
1o h out to test. It would appear obligatory therefore to provide statistical support 
Carried significance of our findings: Accordingly an analysis of variance has been 
Mean out on the data in Table TI which gives for the right hand of each subject the 
S. Of the last 12 observations in m.s. when this hand was responding to stimulus 
due order to make the analysis more sensitive and to be able to test the interaction 
cen the two main factors, Subjects and Time Intervals, a replication factor has 
two introduced. by distributing each Set of 12 observations randomly between 
nati equivalent sets of 5i*- A random distribution has been used to avoid contami- 
UMP of the replication factor by DS E The results of this analysis are 
the nin Table III. This analysis shows E Ha ne evel of confidence (p<o-o07) that 
dig, reaction times for Se 27€ ‘a function of the time interval and that this function is 
erent for different subjects. The characteristics of this function which vary with 

Tactice and betwee? individuals cannot be established on the present m 3 
tistical support i provided for two of the individual curves in Figures a but 
ere the standar errors of the means are also plotted. Considerati 3a and b 
Curves together with the data given in Tables I and II shows th im ion of these 
*Xperiment the inhibitory effect of Sı on Se is not maximal when cune eril 
erva 


A : 
_ Although these results are not, aS is demon 
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| 
E. | 
- ervation 
Separating the two situations is minimal but at some later time. Such an obs 


: med. 
which is critical for the theory under consideration should of course be confir 


TABLE III 
bilily 
Source of Variance D.F.  |Sums of Squares, Mean Square | Proba 
o-oor 
Between S (Subjects) : 2 29225-67 14612 ee ood 
Between T (Time Interval) 9 36041-98 4004 - 3 NS 
Between AB (Replication) I 26-66 26:6 NS. 
AB x S Interaction 2 342-2 171- 22 NS 
AB x T Interaction 9 1640-88 182 z : 0:002 
S x T Interaction 18 9981-70 548-9 Ez 
Residual 18 1623-06 90:17 
Total NN oye nc 59 78882-18 
Discussion 


air 
Welford's theory implies that the delay in the reaction time to the ess es PaE 
of stimuli will be longest when the pair of stimuli are closest together. With à 
ut it is not so with the results of the present expen UTR 
one subject the reaction time to the second stimulus is longest when the xU an 
between the stimuli is50m.s. Inthe other two subjects this interval is 100 m.S- 


T 5 fe) m.s 
250 m.s. respectively. For the group as a whole the delay is maximal at 10 
(see Fig. 2). 


data this is the case b 


«tent 
LL io sisten 
Although these observations are limited in extent they are in this respect con 
and would appear to be incompatib 


: iment Wê 
le with the hypothesis which the expen ee 
designed to test. They do however conform with the observations of previous v 


; OG x an that 
in that the reaction time to the Second stimulus of a pair is offen longer than 
the first. 


: ee sets: 
the mechanisms underlying the formation of anticipatory >: 
In a reaction time situation th 


at any particular time is closely 
Teaction time earlier, of 
increase as this probabilit 


; t 
recently been confirmed by Hick (1952). Similarly geo has dee E 
when the Stimulus for a simple R.T. occurs at a varying t ET ae ia after the wi t con 
signal the R.T, observed will be shortest at the time = rs mE 1 the AE mud 
ditional probability. Again a simple R.T. will eu (Moon interva In the 
which the stimulus may be expected becomes longe 1938). 


) 


p» 
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Present analysis therefore it is presumed with these authors that the reaction time will 
decrease as the state of preparedness, excitability or probability of the appropriate 
Motor response increases. 

_ For the purpose of the present discussion a stimulus with which a motor response 
is associated will be regarded in relation to this response as an excitatory one. Simi- 
larly it would seem reasonable that a stimulus which elicits an alternative response 
and which indicates that the response under consideration is not likely to be imme- 
diately required, would have an inhibitory effect on the excitability of the motor 
mechanisms responsible for elaborating this response. 

In the two stimulus response situations described in the present experiment the 
two tasks have a high degree of independence and as far as external space is concerned 
there is no overlap at all. Internally this independence is maintained for the peripheral 
nervous processes both sensory and motor. Even within the neuraxis this distinction 
Temains to some extent as there are good grounds for thinking that the ablation of one 
hemisphere would abolish one response while leaving the other relatively unimpaired. 
Ata higher level still it is worth noting that a lesion in a visual association area can 
Cause a disturbance in visual attention which is related predominately to the opposite 
half field. (Brain 1931.) 

If now we consider the state of preparedness or excitability of the two motor 
Tesponses involved in the present study it is not unreasonable to suppose that during 


the fore period and during the period when the warning light is presented this excita- 
With the onset of the first signal the state 


will increase rapidly until it 
This stimulus, however, also 
s not required at time o as half-expected but 
the next second. Further if this first signal 


as active inhibitory value for the response that is unwanted at time o then it is clear 


that b ba hanisms can be raised, by the warning signal, to a higher level 
Sears me the danger of error than would otherwise be possible. 


er in terms of prob S : 
ES m responses will almost certainly be required and 
a i ing then is approximatel 

ME : -response situation occurring yi 

Mo Probability of each cae QE the probability of its own response to the 
les TR it causes the probability of the alternative situation 
this latter situation will arise sometime the probability that 
tee interval if it has not already occurred will increase with 


1 towards the end of the cycle this probability approaches 


R his argument is perhaps € 
Nd of the warning period one 


i fall abruptly. Since 
Will occur at the next t 
* passage of time unti 
Unity, 


1 tion time to the second stimulus is inversely pro- 
If, therefore, the observ ed reac 


1 A ate of preparation, expectancy or probability of the 
ol to the yp es then it may be expected to be longer when this 
ee ae y after the disjunctive situation. Similarly it may be expected 
D ulus occurs fa simple reaction time as the interval between the stimuli increases. 

approach that ee of inhibition or whatever physiological change accompanies a 
eee br m i probability level may be presumed to take a finite time this 
p en ae Sate will not reach its maximum until some time after the arrival 

ral inhibi This hypothetical relationship between the probability of 


jmulus. E SCR 
ine first E sponse situation and the state of preparation is illustrated somewhat 
stimu F 
crudely in Figure 4- 
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In the case of the two stimuli situation reported by Vince and discussed in detail 
by Welford the first reaction does not appear to be a choice reaction and the second 
stimulus-response situation has a limiting characteristic in that the second stimulus 
cannot be generated until the first stimulus has occurred. Under these conditions it 
will be apparent that during the time when the first stimulus is expected the state of 
preparedness of the relevant response will be at its- greatest value and that of the 
. An additional complication is present in that the 

Tesponses are antagonistic. That is to say that 
uires the relaxation or inhibition of tone in muscles 
he second response. Since a state of preparatory 
mpatible with a state of active inhibition, it follows 
€ second response mechanisms at time o (time of n "n 
wer than if the two responses were not incompatible 


FIGURE 4 


o o 
o ao 
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ES 
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mechanisms are involved wi i 
might b : with contrary sign by both responses the 
Reges dp him odictor ee 
mechani ed rst response. Such a refractory state 
itis Pee is ae add to the observed delay in the cond -— 
t may ecc Ss tly rejected by Welford as an example of "central inhibition." 
t * human uve e à valid and common cause of intermittent behaviour by 
erpreti ETEA ca 
of the ieee viso s situation in terms of probabilities it is clear that the likelihood 
time iat 1ulus response situation arising is similar to that in a simple reaction 
stimulus res n in which the foreperiod is variable. The probability of the second 
until the ces situation however is contingent on that of the first stimulus, since 
Nith the arri S Y has been generated there is no chance of the second arising. 
- Situation in val of the first stimulus the probability or expectation of the second 
Situation w aes rapidly and approaches that found in a simple reaction time 
| ua en the foreperiod is variable. 
ension "e therefore, again with the provis 
Second of 3 ime, that in the situation examined by Vince the reaction time to the 
pair of stimuli will be longer than that to the first member of the pair. 


use th i : REOR 
€ first signal carries no inhibitory sign for the second response—indeed it 


o that physiological processes have 


acts as : 
Stimuly P conr warning signal—this delay will be maximal when the second 
PAR S. immediately after the first and will decline and eventually disappear 
Ue Ae between the stimuli increases. — 
ed th € discussion is intended to be stimulatin| 
at it shows that a two stimulus reaction t 


an interaction between two identical situation: 
hich the second stimulus must 


g rather than exhaustive. It 
ime situation often cannot be 
me cites s since the occurrence of 
Mteract, S will affect the anticipatory set with w 
o designed and supervised the 


michael and Professor O. L. 
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A TECHNIQUE FOR COMPARING THE TEE 
CONCENTRATIONS FOR OLFACTORY, TRIGEMINAL, 
AND OCULAR IRRITATIONS 


BY 


R. W. MONCRIEFF 
From the Consulting Laboratory, 83 St. Pancras, Chichester, Sussex 


cill 
i that wi 
A new technique is described for comparing the threshold Sope at a T E 
produce olfactory, trigeminal, and ocular irritation when odorous irritan pere irritan 
the nose and eyes. It depends on the reduction of concentration of an o 


in air, when the air is passed through an adsorbent. 
Of the four odorou 


formaldehyde and triethylami 


The order of sensitivity of the ions 
smell > nasal irritation. It was not found possible to separate the three sensat: 
ammonia was the odorous irr. 


j ER 

S it often seem that both smell and irritation C Katz an 
together. The most important published work on the subject is that o 
Talbert (1930) who measured t 


Such odorants as artificial mus 
lower than those at which eve: 
any physiological action ; sm 
ocular irritability. 


$ 1 hold 
Per is concerned with a new technique for comparing the d to ton 
for olfactory, trigeminal, and ocular irritations. It is app CR pro 
which cause these several irritations, and it depends S bstance 
n the rate at which air containing an odorous irritant ot factory 
n adsorbent; the incidence of each of the three irritations, En time 
trigeminal, and ocular, is observed and a comparison ues es Be UT jus 
of contact of the air containing an odorous irritant with an adsorbent nec 
to prevent each of the three sensations. 


con 
This pa fout 
centrations 

Bressive increase i 
passed through a; 


ATUS d 
METHODS AND APPAR! 3 vise 
The apparatus Figure r, used was similar in p once Bic pad p resent 
for a new approach to the characterization En eR pian ata iE r: te through 
investigation, air containing an odorous irritant was ate 


— 
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peorbent and the times of contact with the adsorbent which were necessary to remove 

EVO (a) the odour, (b) the nasal irritant action, and (c) the eye irritant action from 

i odorized air were measured. In this way it was possible to compare the sensitivities 

l X the three sensations—the longer the time of contact of the odorous air with the adsorbent 
he lower the concentration of odorant in the air issuing from the adsorbent. 


FIGURE r 


A = Air Blower. C = Bottle of Odorous Irritant. 
D = Adsorption tube. 


B = Flow-meter. 
Dia Ih ^ i f apparatus for determining critical time of contact 
a a esentation of app: 
Brammatic repr for adsorbent and odorant. 


do; EIE À a gra 
ich S irritant in borni C, and Tight (s suitable height was determined by one or two 
3 Pilot = as packed to a KM - ich was either active carbon or silica gel. The 
top of ie) with the adsorbent m2", one nostril and the air blower started and its speed 
&aduan € tube, D, was UD smell of the odorous irritant was just recognizable with 
Certain increased A f the tube, D. A similar experiment was next made in which 
the air y at the outlet mos ling sensation in the nose was observed and a third in which 
e to Speed for the frst UDDEd by the hand and the eye placed to the cup. In the case 
of eye of tlie tube, D, is "e was winked steadily as it was found that when this was done 
the à Observations, e RE and that more consistent results were obtained; if it was not 
ge aes more Sens ee wink would considerably ene, the critical air speed. Each 
oo en an involun E : a fresh charge o adoront was used for each 
Sharon beet o chance of its performance being seriously affected by the amount 
, the 5 
9dorant it had already adsorbed 


ot 


RrsuLTS AND DISCUSSION 


Aceti B 

c anhydride. LU AX 
s odorous irritant first used. It has a distinct 3 

Acetic anhydride acetic 


Action on the eyes and it causes tingling of the mucous membrane 


| dour 
s AER essive 
| p anode ; 


was the 


e nose. in Figure I was used, 50 ml. acetic anhydrid i 
wn i ) ydride being placed 
in ace a Pd ex To adsorbent used was active carbon (Sutcliffe dul and 
oz. bo É 
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[ in 
Co. Ltd., Leigh, Lancs., 208 C 6-10 mesh). Experimental results were as shown 


Table I. 
TABLE I 
ADSORPTION OF ACETIC ANHYDRIDE BY ACTIVE CARBON 
Corresponding critical pun 
Air speed (c.c. per sec.) at which (sec.) V eril of odora 

7 th ld just be perceived: air with active ca j 

p ET cae a allow perception of: 

of Active 

eae Nasal Eye Nasal 4 kc 

(cm.) Smell Irritation | Irritation Smell Irritation Y 
1:8 12:5 16 0:072 0:056 
2°1 16 I9 0:066 0:055 
2:4 16 22 0:075 0:055 
a2 27 26 0-059 0-062 
Su 27 40 0-069 0:046 
3:3 17:5 Qi E^ 
3:8 16-5 o 
3:9 17 O'II5 
4:0 17:5 O'-II4 
48 22 0-109 

—— 
Mean critical times of contact (sec.) 0-068 0-055 0:109 


Eye irritation is pe 
further so that the ti 
nasal irritation. 


J je ased 
Tceived first, then smell, and lastly as the air speed is ues i 
me of contact with the adsorbent is correspondingly re 


TABLE II 
ADSORPTION oF FORMALDEHYDE By Active CARBON 
Corresponding critical ane 
i Air speed (c.c. per sec.) at which (sec.) of contact of odorize 
Height of there could just be perceived: air with active carbon to 
column allow perception of: 
of Active |— — , 
Carbon Nasal Eye Nasal Ey py 2 
(cm.) Smell Irritation Irritation Smell Irritation | Irrita 
aes I4:5 18 10:5 0-072 0:058 Eid 
ro) 17:5 22 17 0-086 0-068 Oates 
4:0 24 35 17:5 0:083 0:057 erii 
4'I 27 33 18 0:076 0:062 oe 38 
4:6 27 38 26 0-085 0-061 o'o 
-101 
Mean critical times of contact (sec.) 0-080 0-061 0°10 


p. a he ho Na | 


Formaldehyde. 


es a8 
Formaldehyde has an irritant action on the nasal membranes and on the ey 


om : f art 
well às having a characteristic odour. It was used in in ues RAE 
Írom the substitution of formaldehyde (40 ‘per cent. sol IR SH WEEMS) or re I- 
anhydride, was run as described above Watt the apparatus shown in Figu 
Experimental results were as shown in Table II. ARR 
Eye irritation comes first, then smell and lastly nasal irritation, 


COMPARISON OF THRESHOLD CONCENTRATIONS j I3I 
Ammonia. 


Ammonia was used as the odorous irritant. Preliminary trials were made using 
active carbon as the adsorbent, but the adsorption was so poor that silica gel (6-8 
mesh Silica Gel Ltd., London) was tried; it was found to be more satisfactory and was 
used (instead of active carbon in tube D) for the adsorption of ammonia. 

The apparatus shown in Figure 1 was used, a 15 per cent. solution of ammonia in 
Water having been introduced into bottle C, and measurements were made as described 
for the earlier experiments. Experimental results were as shown in Table ITI. 


TABLE III 


ADSORPTION OF AMMONIA BY SILICA GEL 
NUUA c co o duc Re o, io MISMA 


Corresponding critical time 
Air speed (c.c. per sec.) at which (sec.) of contact of odorized 
Height of there could just be perceived: air with silica gel to 
column allow perception of: 
of Silica 
Gel Nasal Eye Nasal Eye 
(cm.) Smell Irritation | Irritation Smell Irritation | Irritation 
3:9 II II II 0:177 0:177 0:177 
5:6 18 18 18 0:156 0:156 0-156 
6:8 16 16 16 0-213 0:213 0:213 
7:8 19 19 19 0:205 0:205 0:205 
9:0 27 27 27 0:167 0:167 0:167 
Mean critical times of contact (sec.) 0-184 0:184 0:184 


i i 
In this experiment it was found to be impossible to separate the appearance of the 
Tue odour from that of nasal and eye irritation. All three perceptions appeared 


together. 
TABLE IV 


TION OF TRIETHYLAMINE BY ACTIVE CARBON 


ADSOR 
LTIIXSESSEMAME I Ao ——e he ee nn aL 
$ Corresponding critical time 
x .c. per sec.) at which (sec.) of contact of odorized 
T: 2 DER De be perceived: air with active carbon to 
A did s there allow perception of: 
vA Are Exe m I Eye. Nasal Eye 
(n H Smell Irritation Irritation Smell Irritation | Irritation 
ily 
x 17:5 0:250 0-167 0-229 
8-0 16 44 17:5 0:267 0:200 0-251 
8.8 16:5 ae 17 0-281 0:180 0-264 
9-0 16 27 18 0:300 0-183 0:275 
Bo A 35 20 0:329 0:179 0:313 
2:5 I 
i 0:285 0:182 S 
— — times of contact (sec-) 0-266 
Triethylamine. d and apparently odd behaviour of ia. i 
te r oi ammonia, it was 


unexpec 


t altogether dissimilar type of substance but one with a more 


d In view of the 
®cided to use a DO 
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organic nature for this experiment. Triethylamine was chosen; 50 ml. of it S " 
introduced into bottle C (Fig. 1) and air was blown over it. Active carbon was nly. 
as the adsorbent in Column D, as it was found to retain the triethylamine satisfa aa 
Silica gel was also tried and was similarly satisfactory. As, however, it was e. 
to use the carbon, it was preferred to do so, to facilitate comparison with earlier res 
Experimental results were as shown in Table IV. ith eye 

Towards triethylamine, smell is the most sensitive of the three senses, wit bly 
irritant perception nearly as sensitive and with nasal irritant perception considera 
blunter. dorous 

The critical times of contact with the adsorbents of each of the four odo 


S. 2 ace ively 
irritants necessary to prevent olfactory, trigeminal, and ocular irritation respect! 
are assembled in Table V. 


TABLE V 
CRITICAL TIMES OF CONTACT OF Oporous IRRITANTS WITH ADSORBENTS 
> Critical time of contact (sec.) of 
Air odorized odorized air with adsorbent for: 
with Adsorbent ys 
Nasal iy tion 
Smell Irritation Irri 
Acetic anhydride Active carbon 0:068 0:055 poer) 
{ 
Formaldehyde Active carbon 0-080 0-061 9:101 i 
Ammonia Silica gel 0:184 0:184 0:184 
5 z à .266 
Triethylamine Active carbon 0:285 0:182 0:26 
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THE PERCEPTION OF THREE-DIMENSIONAL SOLIDS 
BY 


J. LANGDON 
From the Institute of Experimental Psychology, University of Oxford 


Arising from the discussion of differences between three- and two-dimensional 
Perceptual objects in relation to current theories, an attempt is made to extend the 


: traditional type of shape-constancy investigation into the realm of three-dimensional 


Solids. For this purpose a specially constructed "solid" is made to undergo progressive 
Physical changes of shape while being compared, under controlled conditions, with various 
Stationary two-dimensional projections. 

The results indicate that three-dimensional solids possess perceptual properties not 
Shared by simple surfaces or representational projections. It is suggested that changes 
the magnitude and sign of the constant errors obtained under certain conditions can 

e explained only on the assumption that subjects react to the stimulus in terms of some 
Conceptual schema, or reference frame, involving mental processes other than those of 
Perception. 


I E 
INTRODUCTION 


Almost all experimental studies of perception of shape and shape constancy 
ave been carried out with the aid of two-dimensional surfaces or outlines, and 
heir results applied to shape perception of objects in general. In all such studies, 
he method employed has been the orientation of some regular two-dimensional 

omparison with an angular projection of 


Surface about an axis and its attempted c 
itself located in the frontal plane. T nis technique has been used by Thouless (1931), 


Dis: (1938), Stavrianos (1945) and Langdon (1951; 1953; 1955) among numerous 
TS, 
: Gibson (1951) that many erroneous ideas as to the 
Ns been n ee RES from i use of two-dimensional stimuli in such 
SXperimenis when these results are attemptedly Ped ESAE percep aon 
Solid objects. Nevertheless, jn an earlier study Gibson aa (1950 Jfapncared 
" NU S: REIS between perception of solids p? RU of two- 
imension ps Hia es (pp. 170-171): MOS ND ane ined b E Gane tee 
Horn al sur ELS pointed out that results obtaine! i y Thouless using the 
€chni MEE above were to some extent mad th puc a 
in that th E ct could never, in fact, match thig shape nbus EM and 
its nde Hi sul is project? ene his criticism correspon pe t a given of Thouless’s. 
Tesults po of size constancy by x nor R dm t cami 
Belt pservations in mind, it would seem worth while to examine the 
M earing these ee erception operates, using actual three-dimensional stimuli in 
ie in which shape P' results derived from simple surfaces employed as their 
Place of extrapolatins to modify the actual shape of the stimulus object, in order 
werrogates; and Cu z th the projection, instead of merely changing its apparent 
E E it p its orientation. pd an approach offers the possibility of 
e by vae Eon and perceptua o Pen on the part of the subject,. 
wE Spe main criteria eee sei is dei reaction, while at the same 
MES a situation in whic! e vainly endeavours to equate euclidean and 
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II 
AIM OF EXPERIMENTS . , (with 
The primary aim was to extend the study of shape perception, -— m 
two-dimensional forms, to cover three-dimensional solids. Since the si P ic 
requires is new and different from those employing tilted discs Ta ond the 
observations and the implications deriving from them go somewha y 
hypotheses the experiments were designed to examine. lated 
yos the immediate points at issue, the questions to be answered may be io from 
as follows. Firstly, it has been suggested that it is illegitimate to gene atone 
Iesults obtained with two-dimensional surfaces, applying these to perci P n 
three-dimensional solids, since the two types of perceptual d shape Ï 
equivalent. On the contrary, it might be maintained that constancy A ese 
dependent upon regular interlinkages between various planes of a soli actif C Ub 
invariant through orientational transformations, so that the qe au to test 
qualitatively different in the two situations. The first problem is there 
experimentally whether the contention is correct. y ire gression 
Secondly, the reference position for calculating an index of pd ER 
for shape constancy of two-dimensional objects has always been the di ; 


imensiona 
major axis of the standard object. This cannot hold good for three-dime 


i 
H iS aralle 
solids since in the case of the cube or parallelepiped when one face is frontal-P. 

to the subject the other faces cann 


to 

ot be seen. Although Thouless attempted dly 

define the “real” 1 regression occurred Sep, i 

demonstrated by the subject's constant errors of judgement), as “real rtheless) 
parenthesis, an “‘intuited” or conceptual object (Thouless, 1931, p. 358), neve 


F ace 
brs r K f Fa me aking P 
using in practice a two-dimensional surface, the regression is shown as taking 
simply to the Projection of the surfa 


three-dimensional stimulus, where thi i 


"real" object, b 
"intuited" (i 


(cf. Koffka, 1935, p. 231 ff.). appeat 
advanced by Thouless, since his notion of an "intuited" object would appe the 
carry implications Suggesting 
Iecognized bounds of 
Third and lastly, there is th 
Objects at different 
clearly a cue to size i 
tive shape of a three- 


EST, ess 
constant, will there be a change of apparent size or distance, a similar ae since 
"phenomenal regression”? This is a separate question from the wo) the objec 
there is no Suggestion of change in orientation or tilt, the perspective 0: 
being varied whilst it remains in the same plane. ; i answe! 

These are the main questions the experiments below are designed t. stand 
using the technique of comparison figures matched with a three-dimensiona 
capable of adjustment. T 


METHOD ` ab feet: 
All the experiments were carried out in a perfectly dark room measuring 20 by 
The stimuli v 


: esce 
I-diameter tubing and made to fluor jn 
7 fi nstructed of small-di: i r 1 ; 
with U.V. R eee foe i displayed in a box internally need 
this way nothing but the stimuli could be seen, and their brightness could be contr 


a2 x 
TAB as} 
——[—[—<—_$_$_$_{_£&_— 
O == 
o —— B mi 


— 
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Figure I shows a general view of the apparatus. Its essentials consist of an array 
of Stainless steel tubes 2 mm. in diameter, linked to form a parellelepiped presented in 
oblique perspective. The sides of this figure have a vertical/horizontal ratio of 4:5 and 
the included angles of the laterals may be varied to produce more or less perspective. 
The horizon may also be altered to correspond with Station Points at various elevations. 


FIGURE 1 


Stotion Point 


Standard "Solid" 


foe m. 


General view of apparatus (not to scale) 


.  w emple in the extreme. The lateral boundaries of 
ruction 19 y through a left and right vanishing point. These 
e al DURO carriage which may be THO in Enn neon contrary 
motio, flexibly moun CE TUS the junctions of the tubes orming the boundaries of 
the ea elong the ‘(peers net its shape may be varied in Gee with different 
Ds olid are pivoted land vertical. This structure 1S mounted on a carriage bearing a 

^ Pectives, horizontal ô i (containing the vanishing points) which can be raised or 
Unterpoised horizon Et ishing points may be extended or brought 


this bar the van 
tered at will and along iey form at the leading edge of the solid may, if desired, be 
y Sether. The angle W ace or recession of the leading edge of the solid. The carriage is 
qu constant by HU track along which it may be driven in either direction, thus 
E mounted uim distance between the solid and the observer, despite advance 
; attaining a cons. ding edge relative to the V.P's. The horizon and V.P's are raised, 
lo, ecession of mi e retracted by means of electric motors which reverse automatically 
d ered, extendeg izontal or vertical excursion, as do those driving the carriage and 
the end of eac 2: the solid. The motors are controlled by thyratron-type circuits to 

he leading edge o of speeds and can also be reversed manually at any desired point 
Bive a wide range - are performed by relay circuits remotely controlled. 4 
ll these operate fixed leading edge (i.e., its length does not alter and it always stays 
v The ‘solic mes bi h. At the junctions of the lateral sides and rear sides (lower rear 
ertical) 6 ie per rear centre) the tubes are covered with short sleeves obscuring the 
CEA. PE outside the figure. In this way, when the perspective is increased and 


th The geometrical construct 5 
are _ Solid” are six tubes passing fre 
e 
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th of fluoresce 
the rear verticals and cross horizontals become shorter, the sure length oF 3 pee 
EUM tube disappears into the surrounding sleeves. The nes e Ere epe ur 
EE ivot freely from their junctions with the upper horizonta 8 so tha egt parallel 
Bae PA and the main lateral horizontals tilt, the verticals remain uprig 
ses a $ 
; d in 
zi stationary front post. * ? X Yi aad ce 
a LER NM the three-dimensional solid S Seine nd with à 
: n Baccéssive positions (See Fig. 2). A series of photograp as wes TEE enable 
RE M / precision camera having universal front and rear ems EON at the point 
F E eere roduction to be made of the solid by locating the perc RIT thus 
Fom which tte subject would view the array during the experiment. ih dm materia 
Obtained were enlarged on ‘‘Kodalith” sheets pine ied A Py IS sen M The 
: i sity ratio < > black portion of the film is em ce 
a very high density ratio and the blac esae the sod eit E nee 
uer figure printed on this film is exactly the sae aes nex! beige and the 
£ z "Hs EE, The lamps inside the box d on à 
in an internally illuminated box. de XE: qu. 
brightness and hue matched with the fluorescent solid. The box io mon tec sate 
great arc 15° from the solid, the subject occupying a position 8 cet n MESS SUN the 
his eye level some 1o inches above the lower front corner of the solid. 


; ine) were 
i i i e V.P’ zon line) 
horizon bar at a setting of ro inches vertical elevation, the V.P's (horizor 

on a level with the subject's eyes. 


FIGURE 2 


Twelve comparison 


figures (actual Stimuli) with vanishing 
points at 2I, 18 


and rs inch. Horizons at 7, 9 11 and r3 inch. 


The sub 


ject was seated on 
gain no str; 


ay cues to his positi, 
the desired point in Space, ba. 
from one Position, head move 

The scales used to me 
were simply the excursions 

ese can, of course, 
obtaining such data s 
required in carrying ou 
the absolute perspecti 
would be a somewhat 


d 
coul 
à high stool without arms or Supports so that ei from 
ion in the room. In order to ensure that he loo en ony 
ffles were so arranged that the stimuli could be sein d 
ment or relaxing of his body obscuring part of the They 
asure the subject's estimates were Purely arbitrary. inches: 
of the vanishing points and horizon bar calibrated in mae i 
be converted into degrees of angle but there is little poner is 
ince only a relative comparison of one figure with ano ertai 
it the experiment, it not being the um of this Study to asc This 
ve values accepted as representative ofan orthogonal solid. 
difficult task, as will be seen in due course, 


| 
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IV 
DESCRIPTION OF EXPERIMENTS I AND II 


The subject was led into the room (normally illuminated) and placed on the stool 
Provided. His eye position was checked on a grid drawn on the wall and any adjustment 
of height required was made. He was unable to see the apparatus since it was entirely 
Shrouded in black cloth stretched over a large frame 12 feet long and ro feet high and 
having a curtain to the floor between the subject and the stimuli. 

With the subject in position, a battery of bright lights was turned on for some minutes 
Whilst the general purpose of the experiment was explained. This had the effect of 
accustoming the subject to high illumination, and delaying the onset of dark adaptation. 
All lights were then extinguished and the curtain drawn aside. At the outset, only the 


A luminous “solid” was visible, the display box containing the comparison figure being 


Switched off. The “solid” glowed as a faint green pattern in the dark space and the 
Apparatus was then set in motion. First the horizontal perspective was changed at 
Varying speeds, then the vertical perspective. This was repeated a number of times 
and the subject invited to comment on what he saw. After a few moments, the curtain 
Was replaced, the lights turned on and the subject moved to a new position. From here, 
through additional holes in the baffles, the subject could now see (with lights extinguished 
and the curtain drawn back) the solid from a three-quarter oblique aspect. This meant 
that the leading edge now appeared slightly lateral and to one side, enabling the subject 
© describe apparent movement in what was previously his frontal-parallel plane. All 
Temarks throughout the experiment were recorded on tape. 

These preliminaries over, the main part of the experiment was begun. The subject 
Was given a small hand-push button and asked to press it when the "solid" and the 
Comparison figure (now visible) appeared most similar. The “match” was recorded by 

€ experimenter from the scales at the rear of the apparatus. In the course of four 
Separate sessions, each lasting about an hour, the whole family of comparison figures 
was displayed in random order and the solid matched with each one, both vertical and 
Orizontal perspective being changed continuously at four different speeds. These 
Tanged from 30 to 5 seconds for a vertical travel of o to 16 inches (horizontal to 30° 
inclination) and from 3 to 10 seconds for a horizontal travel of 8 inches. — $ 

Twenty-four persons, twelve men and twelve women, took part in this experiment. 
All used binocular vision, but a check experiment was carried out with six of the same 
Subjects using monocular vision. The results are given in Tables I and II. Those 
Obtained with monocular vision will be given 1n a later paper. 


V 
s or EXPERIMENTS I AND II 


: . of subjects comments it was possible to assemble a 
cmd ps tp RE d" was perceived, and it is worth discussing this 
icture D UH Its. 
E titative resu À F 
efore passing on to the eae the plastic "solid" provides data which are, in a 


; It will be appreci experience. Thus with rise and fall of the horizon 
Ins, contradictory 10 POmq ES just as it would were an ordinary solid being 
Breas uppe At the same time, the verticals remain in the same plane so that 
the orwar e correspond roughly with what would be seen if the observer 
IRE. a nen relative. to the object, whilst this remained stationary. 
Sa 1 e a change of vanishing points the increased or decreased perspective 
(ta arly, via ") corresponds to the. AER in apparent shape consequent upon 
E ord sion of object or subject. At the same time, the distance of the 


RC 3 hanged. | 3 : E 
Solid’? remains um pe logical to expect subjects either to notice these disparities, 


d 4 would De changes pouting in one part of the figure to those occurring 
in e unab p o overcome the ema dietionè by perceiving what is in fact taking 
Poa 3 plastic defotroadon. o Er ben In the event, subjects did none 
o Md Jt must be emphasized tha not one subject ever raised the possibility 


RESULT: 


7 
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z ed id body, 
of the shape's being plastic. Every observer accepted it as i He, Soig merely 
falsifying the evidence of their senses in order to do so. This ae X and ae 
due to ignorance of the construction, since the experimenter s t the Su 
members of the staff continued to have the same experience throug i experience 
of experiments, nor was the effect diminished by practice. The genera! i S 
Was of a solid, rigid body which, with change of horizon, tipped towan ES 
from the observer. The tilt was not simply forward or backward, but a c able to 
declared that the “solid” was moving up and down as well. Some wer tonal 
describe the motion accurately as a curved path, downward and D to tilt 
upward and tilting back. Now it is evident that a vertical cannot E: E observels 
in the line of regard, especially when there is no foreshortening. e 2 


e on 
In this position also they reported the same experience. Asked to once at 
the forward vertical edge, they all declared that it moved up and down, was tha 
the same time. The only difference between reports for the two P nd away 
in the second position the vertical edge was now described as tilting “out a sition i 
from me" or "downward and moving off to the left," whereas in the first po an 

was described as "downward towards me" or "tilting back and moving d ome 
away." Prolonged study of the phenomenon induced slight dizziness a atching 
subjects and one subject felt what she described as "like being seasick "— ]e soli 
this motion for about five minutes. Some Subjects thought that the who: 


s himse 
was moving up and down through space and one wondered whether he was 
moving! Prolonged examination does u 


5 “ mo 
t get smaller, but “sort of came together.” It ee pied 
perspective" but was still “a Square box.” All the transformations were 


F^ apoy” wher 
the most highly acute Perspective still being regarded as a "cube Es Pen the 
the projective included angle of the sides was as small as 60°! La je 
phenomena were most compelli 


at low speeds so long as 
Subjects found the co 
experiment. Questionin 


A us men 
comparison of parts of the two figures. Requested to attempt a Snap Jud ing 
of the two figures as wholes they began by declaring this too difficult" an hiowevet 
vague and unreliable" about their own estimates. With a little practice declare 
they accustomed themselves to carry out the instructions and all eventually es 
that this method of estimation was as easy and pleasant as their erga ojective 

With regard to matching of the varying solid with the Series of pr Mane: 
comparison figures, Table I gives results for movement a the horizontal Bese 
Taking all four speeds together, each score is the xin Ee trials (three nishin£ 
direction), at each Speed at four horizon levels. Un Te condition the va UE 
points varied and the constant errors may be seen to increase gih erie to 2 
perspective. Thus Proceeding from V.P. 15 inches (greatest perspective) 


he 
on 


EEE 
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Inches (least perspective), the error is greatest in the last condition, when the solid 
departs least from true orthogonality. Thus the subject may be said to tolerate a 
Sharper perspective in the changing solid than in the stationary projection. Just 
as in experiments with tilted two-dimensional surfaces, the projective outline has 
to be more acute than that of the frontal-parallel comparison figure for the two 
to be judged similar in shape. 

TABLE I 


Constant Errors AT THREE VANISHING Point SETTINGS. HORIZONTAL TRAVERSE AT 
FOUR SPEEDS. EACH SCORE IS MEAN OF SIX TRIALS AT EACH SPEED, USING FOUR 
HORIZON LEVELS. N = 6912. SUBJECTS 24 


Vanishing Point Settings 
M! M? M? 
Subject 
15 inches | 18 inches | 21 inches 
E Significance Test Between 
SANA o6 r5 2'2 (x) M! and M?: (2) between 
Zu RS, 1:6 28 31 M? and M? using formula :— 
3| RP. 0.7 1:0 r5 
4 J.N. —I'I 13 1:5 MD 
3| JM. ro 1:9 2:5 t= re 
S.D. r2 2:0 35 NST 
8 F , 2- 2:6 E 
9 er = oe 28 gives (1) 2845 
lo KC ‘6 r8 2:4 (2) 8:314 aa’ 
ee N ti o 25 2-8 for N — 23 both are signi- 
C. 2:2 5 m at o- t. level. 
* Gc a 13 2d ficant at o:1 per cent. leve! 
R.B. 12 1:9 1 
1 " “I 
te UD zo a8 20 Constant Error of M! by 
C. —o: E o 
r TS zr 2 he formula t = X4/N 
C. 1:6 : c 
18 š 31 
19 T I2 dd 34 for a single mean; gives 
20 e I4 2:9 14 for N — 1 = 23, t = 3:82 
21 A. r2 $ 1:6 significant at o'I per cent. 
22 D.M. o7 ZA 2:8 level. 
2 A.M. 1:2 Ed r8 
ES M.K. 0'4 AA 2:9 
s SS, o7 ; cem. DE 
Mean 0:97 2:1 
$ 1:62 
o= 1:25 Ep 


T à logous results, the matches being made with movement of 
Ori able II gives anê ing comparison figures OP MT ee 

izon line (v ertical) usm) Each score is again the mean of six trials at three 
ove zero level (horizon M four speeds. The picture shown by Table II is very 
ip ing points E ple I, for the constant error not only varies for each condition 
rent from that of al Thus when the comparison figure is that of a solid with 
EON changes Sign. n point (position of observer) the error is positive, estimates 
Orizon lower than dO ur when the horizon of the comparison figure is above the 
a Ing above parity, b becomes negative. The change in magnitude and sign of 
ation non the € rest, proportionate with change of horizon, the zero point 

S On ADS with the station point. This means that when the 


5 actly 
Sinciding almost €? 
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E z E f, ion 
comparison figure has a perspective orientation corresponding with the statio 


; E z tl 
point which the subject actually occupies, his estimate corresponds almost exactly 
with the comparison figure. 


TABLE II 
CONSTANT ERRORS ar Four HORIZON LINE SETTINGS. VERTICAL 
TRAVERSE AT FOUR SPEEDS. EACH SCORE IS MEAN OF SIX TRAIS 
AT EACH SPEED, USING THREE VANISHING Points. N = 6912. 
24 SUBJECTS 


Horizontal Line Settings 
M, M, M, M, 
Subject : 
7:0 inches 9*0 inches 11:0 inches | 13:0 inches 
J.W. XE o5 —0:5 —0'5 
R.S. r3 O-I5 —r3 —24 
R.P. o-9 0-65 —0:3 —I'I 
J.N. 21 I'o —o'2 —2'0 
JM. I-I 0:35 —0':5 —0'5 
E.C. 2:6 II —1:0 —ZI 
S.D. r9 0-65 —o8 EL 
F.N. r8 Io —04 —I:9 
C.J. r3 1:0 —ro —2:9 
K.C. o o5 —0:3 Il 
A.C. 0:7 0:2 L06 EA 
G.C. II 0:75 —0o:2 —ro 
R.B. 1:0 O4 ET r6 
L.B. o:8 0:25 MO —17 
Ader 0:7 II —0-4 —17 
Lc 97 07 -e3 15 
PIG 0:7 04 —o:6 ren: 
B.C. 15 os 0:3 —o:6 
M.L. 1:6 04 — B —1r4 
R.A, Ñi 0:75 —o-1 —10 
D.M. 17 Io —0'4 —1:2 
A.M. ZI Il —o1 —o0'3 
MK. 97 0:6 —o6 —20 
S.S. T4 o:8 —o2 —17 
Gu——— r1 
Mean — 1:27 0:67 —0475 —r4I 
poc 
Or 0:52 0:31 0:36 0:98 


be seen that the spac 
ditions, and similarly that all the e , 
ith regard to each other. The mean range of scores e 

l and 1-6 inches in the horizontal axes. Significanc 


ima 1g Student’s t and assuming that the compared means ic by 
correlate, (Significance is not given for the vertical condition since it is visib 
inspection.) 


It will 
for all con 


VI 
Discussion 


D 


both f É A : 
unconscious and incomplete, distorting rea 
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be t See a 
i eS acute. This might be interpreted by suggesting that the quality 
z ea K IR GE Ced constitutes a characteristic, to use Michotte's phrase 
is ERR pecifique, which once accepted enables all transformations to be held 
ie ns an ; The fact that the sole cue to difference between the solid and 
dE ase ion (ignoring accommodation/convergence data, which will be discussed 
mcs is ae continuous self-movement of the former again suggests that 
Bee the T the shape assists rather than interferes with the perceptual process, 
B nua ject's tolerance of sharper perspective for the solid than is required for 
amm atch corresponds with the constancy phenomenon obtained in traditional 
ni perception experiments. 
boh he ond point relates to the way the subject reacts to changes of horizon 
QAM ^ p the most important outcome is the change in sign of the constant 
ms e horizon level of the station point. Clearly, the subject cannot directly 
nor the d true or the perspective horizon, since neither the horizontal ground plane 
mou E points are visible. At the same time, the results seem to suggest 
hat his oes take into account" these factors. Perceptually, he cannot "know" 
up by DR view-point is, but he reacts as if he did. The line of thought opened 
Nd is result is extremely interesting in view of the way perception is generally 
to operate. In this connection Piaget (1948, P- 229) states, "The purely 


ben ; as E 
Ceptual point of view is always completely egocentric. This means that it is 
lity to the extent that it remains 


So . ; g ROS : 
- . to discover one's own point of view 1s to relate it to that of others, to 


distinguish ; 
pw it from and co-ordinate it with them. To this task perception is quite 
S "he :.,to do this requires a system of true mental operations" (translated). 
e Me that the subject is able to “take into account” his own view-point on 
cluded n of the cues provided by the changing “solid,” it might therefore be con- 
it would at his reaction is not purely and simply a perceptual one. On the contrary, 
tom th Suggest that acceptance of the perceived form as an orthogonal solid results 
me selene cnn of developed mental operations of a schematic order which 
in te e perceptual data in an abstract fashion. Thus the stimulus is reacted 
Ortho Ims of schemata elaborated as reference frames for the abstract notion of 

UP solid. 

uot sight, there may appear a contra 
om, orizontal movements. In the vertical plane, 
E son figure corresponds to the perspective appropriate to the subject's view- 
(horizon level — station point). In the horizontal plane, the error is greatest 
the perspective of a truly orthogonal solid. 
the first case there 


the “solid” but only a change of view-point. 


diction between results for the vertical 
the error is least when the 


is first case the subject is in fact 


e ; 
esti Subject actually occupies. Secondly, in this 
c :on of the solid, whereas in the second 


imati 
k ating the apparent tilt or relative orientation 0 

oe e is attempting to match changing perspective. The effect of the latter type 
tion 3e is to make the more acute perspective figures appear differently propor- 


i 

md and less like a "cube." Finally, the sharper included angles perceived at 

the wal vanishing points tend to encourage detail comparison of parts as against 

Reese ende comparison favoured by figures with vanishing points more widely 

ftom - At the same time, the constant decrease of error as the shape departs 

B true orthogonality calls for some further and more detailed study. 

Rigg ne these points in mind, it should be evident that as regards the first 

on, as to whether reduction of ordinary perceptual objects to single 
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two-dimensional surfaces could € ie 
present findings are wholely negative and confirm the view put forward by 


a compromise between thi 
object” in terms of which these data are : Breen” qua DET 
Thouless is correct in Speaking of the “real” object as an "intuited" one, 


ifvi jating 

Sense that the notion of object operates as a reference frame qualifying m pe of 
the perceptual data. The subject’s reactions cannot be explained on the 

favoured gestalten, 


t 
perceived. Thus it would seem tha 


$ imate, 
& retinal gradients producing an objective perceptual estima 

as suggested by Gibs i i a 
crossed disparity, or dynamic patterns possessing "prügnanz," the subject c 


$ ; use 
ular perspective and react to it without error simply beca. 
anishing points ( 
Spatial position and point of view. 


the absence of error for one stimulus condition 
is only assumed to be due to the subj 
On the basis of Present results. F 
Suggestive, it would have to be s 


o 
l plane varies with the subject’s position and is directly ela 3 
it. As a check on this objection a subsidiary experiment was performed an 
Tesults are reported below, 

Concluding the Present discussion, 
question, perspective plays only a minor 
object. Changes of pers 
alone produce the i 


Present case) perceived size re 


» ; hogonal object (as the Subjects expressed it “a cui 
a box ++ 4 Safe") is part of an accepted representational convention. Any © 
figuration capable of being related to or 


convention formalises (cf. Gibso 
orthogonal solids which 
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7 BET cim be granted a certain reality and accepted as such, whether or not they are 
E S orthogonal or even possible solids, and the contradictory aspects of the 
Mn. are relegated to the background. In the case of perspective drawing 
E I APP p- 4) states, “Nous nous voyons forcés de souligner la distinction . . . 
aa e fait psychologue de la croyance à la realité d'un objet ou d'un événement, 

e caractère intuitif de réalité qu'ils peuvent présenter." 


TABLE III 


Constant Errors AT Four Horizon LINE SETTINGS. VERTICAL TRAVERSE 
AT FOUR SPEEDS. EACH SCORE IS MEAN OF SIX TRIALS AT EACH SPEED, 
USING THREE VANISHING Points. UPPER TABLE: SUBJECTS 2 INCHES ABOVE 
ORIGINAL STATION POINT. LOWER TABLE: SuBJECTS 2 INCHES BELOW 
ORIGINAL STATION Point. Six SUBJECTS. N = 1728 FOR EACH POSITION. 

ZX? 


= -7 

g ex X 

bo â -n m MT ES ee 

Comparison Figure Horizon Level 
M, M: M; M, 
Subject 7:0 inches g'o inches iro inches | 13:0 inches 

2inches Up. (A) 
R.S. 2:1 II 0:2 —r'I 
EC. 2:9 17 0:9 —r2a 
KC. I4 0:9 04 —0-6 
G.C. 1'9 o:8 05 —0:7 
B.C. 2 17 Iu —0:5 
D.M. 2:5 r5 07 ia 
Mean — 2:23 1:29 0:63 —o8 

= 1:05 0:35 0:74 0:46 

2 inches Down. (B) 
R.S. 0:3 —04 19 E 
E.C. r5 —0:2 —r9 — 29) 
K.C. I 0:2 —ro —2:1 
G.C. 07 —02 —0'9 e 
B.C. 0:9 —0:2 —04 —0'9 
D.M. Xer —0'9 —1:0 —2:7 
Mean — o:9 —03 —1:18 —2'I 


dictions implicit in perception of the solid 
The fact that the vertical appears to remain 
l ut the solid changing shape as a whole, though 
Y »&ically a contradiction, is of no importance so long as the stimulus configuration 
ssesses “object character." Here the contradiction is so flagrant as to be directly 
Perceived. However, the impression of solid object, with all the attendant properties 
Confers, is so strong as to remain unaffected by those partial discrepancies. This 
int will be taken up again in the concluding discussion. 


«,, The same holds true of the contra! 


u Ipping over" with change of horizon. 
Pright whilst the laterals tilt witho 
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VII 
EXPERIMENT III 

i ove 
With the aim of checking the results of Experiment II, the procedure described aa 
Was repeated with the subject occupying new positions. Six of the nena ES 
took part in this experiment and were seated in the same place as previo. br point. 
higher (Position A) and 2 inches lower (Position B) than the origina E In the 

Table III gives results for matches with the comparison figures used earlier. 


E XS EE anged 
present experiment only the vertical plane was traversed, with vanishing points arrang 
at the previous three settings. 


It will be seen that the earlier results are repeated and confirmed. The consc 
errors are again different in magnitude and sign, the zero point coinciding once ER c 
with the station point Occupied by the subject. Differences between euo, HT 
again significant, whereas differences between each (for a given condition) an eq 
one corresponding to the new position of the subject are not significant. Du. tion 
the subject 2 inches above his previous position, his errors for the 7-inch con b 
correspond with his previous errors for the 9-inch condition, and vice versa. 
therefore evident that the subject takes into account his 
the comparison figure and the "solid," 
Spatial position, his estimate as measure 


own view-point in matching 
since, when this changes with change 
d by the constant error changes also. 


VIII 


certain “assumptions” about the object, not derived directly from the m 

pattern. In the present case, Gibson's (1950, P- 171) statement that the sabi 

in à shape constancy experiment can “fairly successfully match the slanted obi e 
ual but unslanted object so long as he takes a naive atti 


f SK id ai 4 ence 
resent writer’s italics) involves the tacit admission that refer 
frames or schemata are operative in suc 


vague term “attitude,” 
“naive” by Gibson or “synthetic” by B 
of a standpoint of unrefl 
and experienced, as havi 
data are referred to d 
reacted to. If this is the case 


PERCEPTION OF THREE-DIMENSIONAL SOLIDS I45 


Finally, it is clear that the sti j 

m $ e stimulus object employed here gave ri i 

MI R experiences. Also, the pin PEDIS ial Peor 

Muros ^ dq equally valid and it was pointed out that this could 

is sucht S asis of a representational convention. It is in order to point 

i; P A ehaviour corresponds roughly to that of an observer viewing a movie 
on image. In this case the camera represents the station point, tracking 


and panni i 4 ui 
panning with resulting changes in viewpoint during the course of the production 


€ changi s i 
m ur P patterns of the image correspond therefore to changes of position 
e scene appears "real" to the observer). Yet at the same time, the 


Obser T 
ver himse i n E 
lf remains stationary. Nevertheless, he remains unaware of any 


contradict; s 
adiction between his total pattern of stimulation and that which he should 


Teceiv: 
ew i i i i i 
ere he, in fact, to occupy successively the different points in space from 


Which 5 y 
the scene is taken. This suggests that even when he is emotionally involved, 


e subj » 
ec i i i i i 
ject's perception remains on the representational plane; his experience of 


e vari S 
ce points of view might be termed vicarious. 
E Lene m in perceptual “reality” such as is induced by 3 D or “Cinerama” 
of the p possibly be no longer the case. It might be suggested that some 
intensificatio S. L unsettling experiences created by films of this type derive from 
[le "comer DN conflict between contradictory sets of cues, one set belonging to 
"Viewers US occupying one or a number of positions, and the other to the 
Onger be eye" occupying another. That is to say, the perceived scene can no 
+i Ee on a wholly representational plane. This effect is, in practice, 
camer y the limitations at present imposed by 3 D and “Cinerama” technique 
Its à movement. ; 
Cogna PUR a suggested explanation is correct these phenomena ina different, though 
Edd demonstrate once more the abstract character of perception. Such 
Tob presumes the intervention of learning, the acquisition of reference Írames 
S y the activity of conceptual or intellectual processes. At the same time, 
onverge culations require further investigation, both as regards the. role of 
M Se accommoda Pan cues and binocular vision, and also in the wider field 
Telation between perception of objects and perception of moving pictures. 
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i A NOTE ON SUMMATION TIME OF THE EYE 
INDICATED BY SIGNAL/NOISE DISCRIMINATION 


BY 


R. L. GREGORY 
From the Department of Psychology, University of Cambridge 


Recent w 3 
3 number Toreh anona that x photochemical theory of dark adaptation is inadequate. 
ensitivity au ations, such as the effect of vitamin A deficiency upon scotopic 
but that it i ggest that the mechanism of adaptation is at least partly photochemical 
anq 1t is not entirely so is now established apparently beyond doubt. R S 
Other writers, H f i xs i e 
ess during d ay have ‘ound that changes in concentration of rhodopsin are probably 
itectly ds ark adaptation than corresponding changes in sensitivity: this has been 
The OI monstrated for the living human eye with a technique due to Rushton (1952). 
(1954). It are reported by Campbell and Rushton (1954), and Rushton and Campbell 
Dpears £o pand hat only a small part of adaptation can be photochemical, the rest 
Sdereq eps a number of neural mechanisms might 
ark CREE namely, the possibility that the summa 
Over Non: By "summation time" or "storage time,’ 
Donse ti the effect of the stimulus energy is integrated. 
With Pul pnus ot the eye increases with dark adaptation, as may readily be demonstrated 
4 Lythgoe rich’s pendulum (Banister, 1932) (at least for cone adaptation), as shown by 
Storage 1938). But although to be expected, this increased delay does not show that 
Man Ene increases with dark adaptation. The following observations were made 
S pd to provide more direct evidence. . 
suree wo, ee oe to be useful, in many respects, to regard the eye as an information 
Wage th rking into a noisy channel, It is generally true of information systems with 
Where hat the signal-to-noise ratio is related to the storage time (see Bell, 1953, P- 5°): 
S Sus is the number of repetitions of the signal, S the signal amplitude and N the 
N im plitude, noise increases by (MN?)l while S increases linearly with M. Thus 
Signa] Oves by MiS/N. It therefore appears that the ability of the eye to discriminate 
vi masked by random “noise” should give a measure of summation time, and this 


this idea dependent of retinal delay. The following experiment was designed to test 


be suggested: only one will be con- 
tion time of the eye increases with 
' js meant here the interval 

It is well known that the 


Sour, ae visual display used was an explicit signal/noise arrangement. A random noise 
$30 c/s a thyratron placed within a magnetic field) was mixed with the output from a 
Whose ame wave generator; the resultant noise-modulated sine wave was fed toa C.R.O. 
ipckea creen provided the visual display. The C.R.O.s time-base was set to 50 c/s. and 
NS mask the signal generator. The resulting stationary chain of five sine waves, more or 
Teen x by noise, was viewed by the subject. The C.R.O. tube had a short persistence 
a green trace. 

i Phot expected effect of increase in summation time upon S/N is shown by the series 
[S OBraphs. Each shows the same value of S/N set up on the C.R.O., but for a 
ected that, if the summation time of 


It is to be exp! 1 1 1 
he signal against the noise 


ex E A 
‘posure time in each case. o be expec 
discrimination of t 


e : 
en with dark-adaptation, es 

this improve similarly. j 4 y 
araneon EUR i ; t with increase in summation time 
Mean of the noise. Increase 
he position of the Mean, by 


he sample size. i € 
toj calibrated variable-density (crossed 
See ds) filter. The signal and were controlled with switched 
Pin > and'some controlioven the morse spectrum wes posed | 
Ong Eht could be provided by a slide projector illuminating a white screen 
Sc Pla, ing the C.R.O. tube, which was itself shielde 

ced between glass in the projector's slide holder. 
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It was found (by switching the signal “on” or "off" and asking the les bb 
its presence or absence) that. signal-to-noise discrimination improved by a. mn That 
when intensity was reduced by 2-5 log. units, in the absence of ambient lig lec 
this is not due simply to acuity loss is indicated by the fact that the effect is not 7E t High 
for the (static) photographs; also it does not occur in the presence of am a ‘ation 
although this should impair visual acuity in addition to producing general light a RU ib 

At low intensities rapid movement of the "noise" was entirely absent, the ub 
appearing as a steady blue. Rapid movement of the "noise" was, however, Er 
evident in the presence of ambient light even when the trace intensity was Sede d 
close to differential threshold. Just such a reduction in temporal acuity would be exp! 
if summation time increases with dark adaptation. A of the 

It would perhaps be unwise to attribute more than a small part of the increase ano 
Sensitivity of the eye during adaptation to increase in storage time. Its pro E 
importance might be considered in terms of (a) increase in the effective number of s the 
available to initiate a response, and (b) to improvement in the signal/noise ratio o 
visual system itself, which we Should expect for the reason give above. 
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VISUAL ILLUSION AND FIGURAL AFTER-EFFECT, 
WITH AND WITHOUT FIXATION 


BY 


ARTHUR SUMMERFIELD ann KENNETH M. MILLER* 
From the Department of Psychology, University College, London 


with forty observers to investigate the effects 
and non-fixation, on the relative magnitudes 
bed. The combined inspection figure 


of nr experiment, which was carried out 
of f conditions of observation, fixation 1 : 
and dot after-effect and immediate illusion is descri r 
t figure used in investigating after-effect displacements formed the figure used in 
enabl ee ng: illusory displacements. An account is given of the apparatus used which 
Meth = quantitative measurements of the displacements to be made by a production 
With O x A second experiment on the magnitude of illusion and after-effect occurring 
E slightly different figure and with fixation the only condition of observation 1s also 
y referred to. 
eg, uo results of the experiments indicate (a) that illusory displacements exceed after- 
ion grüne contrary to Kóhler and Wallach's (1044) non-quantitative observa- 
Condi) that virtually no after-effect occurs in the absence of fixation as observation 
With, lon, (c) that while fixation is necessary to the production of after-effects, observation 
ue fixation favours a significantly larger illusory effect. : 
displ; js concluded that, in spite of the similarities between after-effect and illusory 
hat acements, differing mechanism must be postulated as underlying them, and, therefore, 
neither Kóhler and Wallach's theory nor Osgood and Heyer's (1951) theory of figural 


afte, F 5 5 5 p 
er-effect is capable of immediate extension to cover illusions. 


V. In the final chapter of their monograph on “Figural after-effects,” Kohler and 
aach (1944, p. 352) observe that “Some familiar illusions are 50 similar to 
E icons which have here been described that we must ask ourselves whether this 
ing larity is only accidental.” The similarity has a two-fold basis. First, when an 
Pection figure, I-Figure, whose after-effect is demonstrated by distorted perception 
an associated test figure, T-Figure, is combined into a single diagram with such 


test figure the result in many, though not all, cases is a diagram well known as 
these cases a part of the after-effect 


os cometrica] illusion. Secondly, where in : 

masts of an apparent displacement of parts of the test figure such displacements 

© of the kind reported as characteristic of the illusion. Notable cases of this kind 
Pearing among the examples given by Kohler and Wallach are the Delboef and 
Onzo illusions. 

a ,Lhe superficial similarities 

(y ogle principle of explana 1 
* 353) observe however “It is one thing to gran 


are striking and it would evidently be an advance if 
tion could be formulated. As Kóhler and Wallach 
t that a formal analogy exists; 


y of Tasmania, Hobart, Australia 
149 


* 
Now at the Universit 
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but as Gibson rightly remarked it is quite another thing to maintain that the figural 
after-effects and the immediate illusions are functionally of the same natu 
These authors themselves cautiously explore the hypothesis that immediate ur 
satiation may be responsible and offer some tentative evidence. This hypo 
Tepresents an extension of their theory of figural after-effects which itself has else 
where received other applications and criticisms. lach 
An aspect of the problem which is not explicitly examined by Kóhler and Walla a 
is the part played by fixation, yet this would seem very relevant to the Come a 
of after-effects and illusions. Fixation of a definite mark does not appear à aS 
Tequisite for the observation of illusions. Point fixation was however invaria: x 
used in Kóhler and Wallach’s studies. The whole development of their sed 
theory with its emphasis on cumulative changes occurring at particular cortical le 3 
requires the pattern of retinal stimulation to be relatively unchanging. The sam 
requirement is implied by Osgood and Heyer's (1951) alternative theory. Uc 
An examination of the reports of studies involving the after-effect of 9 
configuration on another does not seem to remove the need for a condition a 
observation approaching fixation if any kind of after-effect is to be reported, thoug A 
as Smith (1948) has pointed out, Gibson (1933) originally encountered figural af 
effects as the general after-effect of having worn distorting spectacles for a ae es 
of time, fixation not being involved. Gibson (19374), referring to his earlier stu i 
of the after-effect of curved and bent lines, reports negative after-effects : 
occurring: "If a subject is required either to fixate or merely to look at a ms 
line the quality of curvature decreases in the course of time and in that PAGE. he 
region of the subjective visual field [Gibson's italics] a straight line appears bent a 
other way. The same is true of a bent line if the subject’s gaze is confined to ts 
Section of the line where the bend appears." In his later studies (19370, c) pu 
Were required to fixate. Vernon (1934) in her study of the perception of E it 
lines required her subjects when shown the figure to be inspected ''to look à hie 
steadily (though without definite fixation)" Following Köhler and Wallac a 
procedure fixation has invariably been required by the numerous subseque 
investigators. +. Lind of 
The need for, the part played by and the effects of, fixation in this kin 5 
observation appear obscure. The experiment to be described was undegtak ni 
investigate the relative magnitudes of the displacements (distortions) oce A 
either as after-effects or as immediate illusions when fixation was and was no ó 
condition of observation in each case. The distinction between the fixation A 
non-fixation conditions was made (2) in terms of the instructions given to ie 
observers and (b) by the provision of a fixation mark when the instructions wa ut 
fixation and its omission when the instructions were for observation iato 
fixation. The figure used for investigating displacements occurring as an imme E 
ilusion consisted of the combined I-Figure and T-Figure used in investiga ‘Ge 
displacements Occurring as after-effects. The choice of figure was influenced 93 
the requirements that the effects were to be measured and by the two conditions z 
observation to be used. The figure illustrated was chosen, Figure r. It pelone, 
to the class of illusions involving lines intersecting at small angles, of which the m 
compelling are the twisted-cord illusions of Fraser (1900), though these are not we 
suited to quantitative investigation. The illusion producing properties of the 
"herring-bone" field have been investigated in other contexts, e.g. Orbison (1939) 
and Berliner and Berliner (r948). The figure chosen readily permits realization um 
an adjustable apparatus with which. production methods can be used, It is relatively 
complex and does not present any one inherent fixation point, as might be the case 


EFFECTS OF FIXATION ON ILLUSION AND AFTER-EFFECT ISI 


With the apex of the single angle in the Ponzo figure, which can be regarded as a 
Simpler version. z 


The figure used for investigating illusory displacements, and, with the 
herring-bone” field separated as I-Figure and the “parallel” lines as 
T-Figure, for investigating after-effect displacements also. 


à f METHOD 
*Perimental design. 

ang Ue immediate and after-effect conditions 

du" ithout fixation) were combined in a 2 X 


and the two observation conditions (with 
2 factorial design. The four treatments 


AF—atter-effect with fixation; 
AO—after-effect no fixation; —. 
IF— immediate effect with fixation; 


n IO— immediate effect no fixation. 

vi pour independent groups of ten observers each were used, enabling the analysis of 
Bara to be applied to the results. Since a production method was used and the equivalent 
of el position could be approached from an initial right-hand divergence or convergence 
Were» intersecting lines whose convergence was variable (see Figs. 1 and 2), the 4 groups 
Case each further divided into 2 sub-groups of 5; the first trial for one SübiEXOuD in each 
con began from initial divergence and for the other from initial convergence. Initial 
foe Vergent and divergent settings were subsequently alternated Eon pier trials 
p: Broups. Adjustments were made by the experimenter, what Gul'or (1936, 


i134) h ical method of equivalents being used. This method 
i as termed the psychophys g by the observer since it enabled 


S preferr f "ng adjustments carried out 
th ed to that of having adj dE cut trolibd y the experimenter. 


Uration of the adjustment proce 


Subjects, 
The dents of psychology with experience of visual 
e 1e observers were fort first-year students of psy: gy p 
eo beriments owing ALIO but unacquainted with the nature and purpose of the 
Periment, A formal randomization process was used to allocate them to the eight 


Tou. 
PS and sub-groups. 


Abparatus. 
A sch s tus, as viewed from the observer’s position, is 
Shown i ematic diagram of the appara us, à € i ee stated 
Nin Fi ta r aperture A, 9 in. x 3 in. was centrally placed in 
En M Ea, hich concealed the whole of the controlling 
ting lines," L, were of one-sixteenth in. 
2 in. between centres 


censi black screen (not shown) w. 
Wap eros Hg Qe observer. The "intersec r 
at th rod, painted matt white, and pivoted symmetrically. with 2 in. 
y. he left hand edge of the aperture. The free end of each rod ran in one arm of the 


mor in the sliding guide plate (G). The length (/) of each of the rods (L) between free 
f d pivot centre was 18-8 cm. The bearings on the free ends of the rods were a sliding 
th in the V-slot, and the guide plate (G) was itself a sliding fit in its own guides so that 

€ system was free from backlash. The guide plate carried a millimetre scale (M), 
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reading zero when the rods were objectively parallel. The position of the guide P 
was adjustable left and right via a rack and pinion operable by the experimenter. sid 
angle of the V-slot was 28, with the half-angle @ = 28°, giving on the horizontal a 
(M) a magnification by 1-88:1 of vertical displacements of the free end of each rod. 


FIGURE 2 


Rack and 


Schematic diagram of the apparatus. A—aperture in screen; G—sliding 
guide plate with V-slot; LL—“intersecting lines" of adjustable angle, 
pivoted at ff; M——millimetre scale carried by G. 


arrying 


Cards, with or without a fixation mark, and whether plain matt black or € d in 


the herring-bone design ruled in white on a matt black ground, could be ipee 
slots so that they filled the aperture (A), either immediately in front of or immed 5 25 
behind the rods (L). The half-angle of the herring-bone design was arc tan il the 
26° 34'. The white lines were 0:3 mm. thick and the black spaces 3:5 mm. ra the 
fixation conditions a circular white spot, diameter 2 mm., was placed centrally ce o 
card. The rods when parallel were equidistant from the line formed by the ang "ine. 
the herring-bone and the fixation mark when included lay on the mid-point of this con 

The observers viewed the aperture binocularly through a circular hole in a Seere 
screen carrying a head rest, used whether judgements under fixation or TORS LUNOE o 
being made. This screen also carried the lamps used to give uniform illuminatio rd 
the aperture and shielded the observer from direct illumination by them. The SAP 
ment was carried out in a darkroom so that illumination could be kept constant, the 
not under conditions of dim illumination. Observers were so accommodated Ren 
apparatus that the centre line of the aperture (and therefore the fixation mark V 
used) was at eye-level, and at a distance of 100 cm. 


Procedure. 


For groups AF and AO each trial consisted of inspection of the I-Figure, ive, e 
herring-bone field, with or without fixation for 2 minutes. P I-Figure was Lm 
withdrawn from its position in front of the adjustable STO UD) appeared aaa 
against a plain matt black ground and formed the T-F ERE iet mark appeare E 
both I- and T-Figures for the AF group and was absen $ eae 2 for the AO gon 
The rods, having been previously set to an initially E boi ne divergent posit 
were immediately adjusted until the observer a TE 22] 10 d were Pop 
parallel (the equivalent parallel position). For Group € complete figuri 
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of Tods against herring-bone field was presented and each trial consisted of immediate 
adjustment to the equivalent parallel position as reported by the observer. For all 
panes a screen was placed in front of the aperture between trials. The adjustment 
is was naturally slightly variable occupying between 10 and r5 seconds. Two minutes 
elapsed between trials and ten trials were made with each observer. 


Instructions. 
The following instructions were given to subjects of the various groups. 
TS “Haga AF; “Behind this screen. [the screen covering the aperture between trials] 
rence in the centre of which is a white spot. When I remove the screen look as 
and y as you can at the spot. At the end of two minutes I shall change the diagram 
d you will see another also with a white spot. Again look fixedly at the spot. Across 
pew second diagram there will be two lines. I shall want you to judge when these lines 
Ok parallel to one another. Say ‘now’ as soon as the lines look to you to be parallel. 
ae you must concentrate on looking fixedly at the spot in both diagrams all 
© time,” 
fins Group AO: “Behind this screen is a diagram with a line across the centre [the line 
at ped by the angles of the herring-bone]. When I remove the screen look steadily 
E diagram. At the end of two minutes L shall change the diagram and you will see 
Whi er. Across this second diagram there will be two lines. I shall want you to judge 
€n these lines look parallel to one another. Say “now” as soon as the lines look to 


You to be 
parallel.” : 
i am in the centre of which is a white spot. 


wer ur IF: “Behind this screen is a diagr: c 
k as fixedly as you can at the spot. Across the diagram 


the €n I remove the screen loo à 
S Te are two lines. I want you to judge when these lines look parallel to one another. 
Vy “now” as soon as the lines look to you to be parallel. Remember you must concen- 


trate CAU i ` a 
ooking fix at the spot all the time. 
di Towp IO; "ian ee sores tl a diagram with à line across the centre. Across the 
whem there are two other lines. When I remove the screen I want you to judge 
E en these two lines look parallel to one another. Look steadily at the diagram and 
Y “now” as soon as the lines look to you to be parallel. 
to For groups AF and AO the instructions for the judgment to be made and the response 
fi be given were repeated as the T-Figure was exposed, and the instruction to look 
Xedly at the spot was repeated to groups AF and IF as the screen was being removed 


Sàch time 


M, 
fasure of the dependent variable. 


The measure recorded for each trial was the "error," i-e. the deviation in millimeters 


alent parallel position as 


fro : zum 
m zero M) which corresponded to the equiv t 

determined o n ae i Acá the illusion consists in apparent right hand convergence 
RCM allel (see Fig. 1), the convention has 


of th Se EE 
e att F, 3 re objectively par E : 
crossing lines when these 9/5 7 ; res corresponding to actual right hand 


“en ado à i tive measu 
; = ted nating as posit easures = z $ 
AS a a dew Bo such errors indicating operation of the illusion. — 
"rom the dimensions shown in the description of the apparatus given above, it will 
be evident th ex s lacement of + X millimeters on the horizontal scale corresponds to 
n angular displacement of the rods from the parallel position such that, if ¢ is the 
Convergence angle of the rods, then 
4 ¢ = 2 arc tan (+ # cot 

$ is z d the convention for the sign of x may be extended 

7] arallel and th 1 gn y nde 
to $ Wer diga ined ae e for right hand divergence. The above 


signated as positiv 
‘ormula do t make allowance for the fact that the free ends of the rods move on 
pe : ictly ver 


ojl) = 2 arc tan (+ 2/100) 


ares t an stri tically, but x cot @ is small compared with / and 
the aes mathe ai PERS the same reason, the relation for small angles that 
^ tan ¢ ~ ¢ radians 
hola ded as effectively a simple linear function of x. Whi 
s an be regar el 4 )! d i ile 
rio mu. T er a greater generality, the analysis described in the next section 
las S EASIER. been based directly on the scale measures in virtue of this relation, but 
NO difficult: cH over ersion; multiplication of values of x in millimetres by 
"146 ives alae of $ in and the transformation may be applied to mean 
and SD values. 


the conv 
degrees of arc, 
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RESULTS 


The data were treated as follows. The value of the equivalent parallel posta 
over all ten trials was computed for each observer and the analysis of ee. 
applied to these measures. The factors entering the three-way classification S. 
were Effect (after-effect or immediate illusory effect), Observation Con 1 xi 
(fixation or non-fixation) and Initial Setting (convergent or divergent setting on 

rst trial); the analysis yielded four interaction terms. s , 
i The ie of the VERMES is presented in Table I. It is dominated by b 
highly significant difference between “effects.” Apart from this there 1s 


TABLE I 


ANALYSIS OF VARIANCE—APPLIED TO MEASURE OF EQUIVALENT PARALLEL 
POSITION, AS DETERMINED FROM 10 RESPONSES, (N — 40) 
—— —Ó——À c6. ee EMECI UN ua 


Source Deviances df E 
Main Effects P 
Effects (A.E v. LI) 558:3826 I 107.67 
Observation Conditions 41281 I 
Initial Settings 6-4401 I 1:24] 
Interactions 
Effects x Observation Conditions 40°3005 I 7774 
Effects x Initial Settings dá 35105 I 
Initial Settings x Observation 
Conditions T T 1:0726 I 
Effects x Observation Conditions 
X Initial Settings I:0401 I 
Residual W/Groups$ 165:9480 32 
Torar 780-8225 39 


* Probability less than o-oor. 

} Probability greater than o-200. 

i Probability less than o-oro. 

§The residual variance is equal to 5:1859. 


substantial contribution to the total variance from the interaction of ''effects ius 
"observation conditions," all other terms being non-significant. The mean ge 
for the main effects are given in Table II. All are positive, indicating distorti 


TABLE II 


s -- F THE 
ANALYSIS OF VARIANCE—MEAN VALUES* IN MILLIMETRES FOR EACH LEVEL OF 


Main EFFECTS 


Effect Observation Condition Initial Setting 
Illusion 4-9 Non-fixation z 5517) Divergent 45:8 
A-Effect r6 Fixation +50 Convergent +49 
Differences 75t 97 o9 


Residual Variation: SD = 2-3 millimetres 


* All the mean values differ from zero beyond the 1 per cent. level of significance. 
T Significant beyond the o-r per cent. level. 
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from zero, the objective parallel position, in the direction to be expected. The 
Significant difference between ''effects" is seen to arise because the immediate 
illusory effect is much greater than the after-effect, irrespective of observation 
condition. 

If attention is confined to the relative magnitudes of the distortions occurring 
When fixation is the observation condition for both after-effect and illusion, the 
difference is smaller but remains highly significant. (P <o-oor). The mean values 
are given in the first line of Table III. This finding was also borne out by the result 


TABLE III 


INTERACTION BETWEEN EFFECTS AND OBSERVATION CONDITIONS: 
MEAN VALUES* 
Pe _ acw-———— 


Immediate Overall 
Condition Illusion After-Effect Means 
Fixation + 78mm. --2:3 mm. +50 mm. 
Non-fixation +104 +09 +57 
Overall Means + 9:2 mm. +1-6 mm. +54 mm. 


* With the exception of the mean value for after-effect under non-fixation 


(P > o:2) all of the means differ significantly from zero beyond the 
1 per cent. level. 


3 a second experiment which was carried out in precisely the same manner as that 
escribed except that fixation was the observation condition for all observers 
— 32, 16 observers per group), and the black/white relations of the diagram 


Y xir E 
Vere reversed. The mean values are given in Table IV. 


TABLE IV 


COMPARISON OF ILLUSION AND AFTER- 
EFFECT UNDER FIXATION FOR BLACK ON 
WHITE CONFIGURATION (N = 32) 


Mean Value 


Effect 
E T. 
Illusion ; 
After-effect +2:6 
Difference 4°5 mm.* 
SD 2:3 mm. 


* Difference significant beyond the o-1 per cent. level. 

Returning to Table I, it is to be noted that the analysis reveals no simple effect 
a Observation condition, therenbeing OW OVE za significant difference between 
fixation od non-fixation. The significant interaction between “effects” and 
‘ol servation. condition,” however, p an influence of these two factors in 
Ombination over and above the effects ee The four mean values involved 
“ave been given in Table II, abora DR E of the interaction is revealed 
as being that fixation favours greater after-effect displacement while non-fixation 
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favours greater illusory displacement. All the mean values are positive, but that 
for after-effect under non-fixation is not significantly different from zero. 

The raw data were further examined for evidence of cumulative effects e 
the ten trials made with each observer. The average value of the measures, s 
the first two trials were compared with the averaged value for the last two tria ` 
(The first two trials and the last two trials were taken, rather than the first ra 
last, to exclude variation arising from initial setting.) In no group was this disc 
found to be significant. The mean values and SD's are given in Table V. T 


TABLE V 
MEAN VALUES AND DIFFERENCES Or First AND Last Two TRIALS 
FOR EACH Group 
(n = ro per group) 
——————— — — qo SALLE 


Mean Value Group 
(in mm.) AF AO IF 10 
First two trials e| #27 +13 +1073 +10°9 
Last two trials e| +39 +16 + 85 T1077 
Differences e| -—r12 —o:3 + r8 + 02 
SDaisy E os 2-0 2:5 3 2:6 


mean differences are not only not significant but are absolutely small, indicating the 
appreciable stability of the results from trial to trial. rs 
An incidental result of the experiment emerging from the reports of obser 
in the AF group and noted by both experimenters was the finding of phenomen 
attendant on long fixation closely analogous to those reported by Marks (1949). 


Discussion 


The implications of the experiment are first that, with the figure used and be 
the given method of investigation, there is a differential effect of fixation k^ T- 
non-fixation on perception of the illusion compared with perception of the à in 
effect. This inference follows from the finding of an appreciable interaction beni 
effect (of illusion and figural after-effect) and observation condition (fixation or p 
fixation) in the absence of any straightforward overall difference between Be 
and non-fixation. The after-effect resulting when observers were not require xoi 
fixate during observation of I-Figure or T-Figure was not found to differ from E: p 
This result was to be expected both on the empirical ground that the procs Fie 
used by previous investigators has involved fixation and on the basis of either of jer 
theories offered in explanation of figural after-effects, the satiation theory of Kóh i 
and Wallach (r944) or Osgood and Heyer's (1951) extension to figural LM 
of Marshall and Talbot's (1942) theory of visualacuity. That the illusion should fs 
significantly greater in the absence of fixation is not however predictable on e 
hypothesis that either theory of figural after-effect has application to immediate 
illusions also. This hypothesis has therefore to be rejected. 

In the second place the results of both experiments to which reference has been 
made do not bear out the statement which Kóhler and Wallach (1944, D-353) make 
about tha Ponzo illusion, but which they do not support with quantitative evidence, 
that “this immediate illusion is less conspicuous than the figural after-effect.” The 


»* 
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figure we have used is, as has been noted, closely related to the Ponzo figure; when 
fixation was the condition of observation for both illusion and after-effect our finding 
18 that illusory displacements are the larger. 

It remains necessary to consider a possible qualification to these conclusions. 
As is reported above, some ro to 15 seconds elapsed between the end of fixation of 
the I-Figure and conclusion of the adjustment process which yielded the measure 
9f the equivalent parallel position on each trial. While there are a number of 
Teports of casual observations on the duration of figural after-effects, the only 
quantitative data on their rate of development and rate of decay seem to be those 
of Hammer (1949). The figure she used for her investigation did not involve inter- 
Secting lines, but was an after-effect of the kind involving relations between areas 
M differing brightness. So far, therefore, as her results can be considered in relation * 
to those of the present experiment, their implication is that a small but measurable 

€crement in the after-effect is likely to have occurred before the adjustment process 
Was complete, If it occurred this decrement would have had the effect of magnifying 
the difference between after-effect and illusion. On the other hand Hammer’s data 
dicate that while the after-effect producing condition should be fully developed 
alter fixation of the I-Figure for 2 minutes, only an incomplete development should 
ave occurred in 15 seconds; in the present experiments the total observation time 
When illusory displacements were measured was of this order, peine BU we Pee 
9 complet j t. In fact, when Hammer’s curves for developmen 
and icm ey keine y suggest that the effects should be virtually identical 
Or à time of ro to 15 seconds. The implication therefore remains that the substantial 
3 pee found in the present experiments is not attributable to temporal effects 
MS kind 1 3 
he : S <periments, (7) the differential effects of fixation and 
Ronfixatins e Me Lado displacements than after-effect 
displacements when fixation was the condition of observation for both, together 
Suggest that different or at least differing mechanisms must be presumed to underlie 
ural after-eff s d immediate illusions. The cautious approach to this question 
taken by Gus epe Kóhler and Wallach appears to be fully justified. 
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E. DURING PROLONGED PERFORMANCE ON A 
SIMPLE COMPENSATORY TRACKING TASK 


BY 


G. J. SIDDALL and D. M. ANDERSON 


From the Ministry of Supply Clothing and Equipment Physiological Research 
Establishment, Farnborough 


Dur wo basic activities are involved in radar operating, watchkeeping and target tracking. 
mre con of watchkeeping performance has been explained by a hypothesis which 
Bur sence of sensory variation and failure to attend to one part of the display con- 
ete usly (Broadbent, 1951). This paper describes a preliminary experiment to examine 
‘oration on a simple compensatory tracking task. 
Were Wenty-one subjects were each tested for an uninterrupted period of two hours. They 
Speed quired to keep a target correctly aligned by cranking a handwheel at a constant 
DN end it was expected that failures to attend to the display would result in target 
p E Analysis of the results showed that both number of errors and mean Su 
ivi SE Hergased significantly in consecutive half-hour periods, and that there were large 
dual differences in performance. 


I 


INTRODUCTION 
either or both of two basic activities. 


I A : 
N general, radar operating may consist of 
hen they appear, 


Se are (i) keeping watch for targets and reporting their presence w 
(ii) tracking the targets. 1 
ki ^ Considerable amount of work has been reported on the effects of iple on the 
Benes Perceptual activity involved in watch-keeping. | Mackworth (1950) ed rum 
En to the increase in the number of relevant signals that ate mise as me 
this of watch continues beyond 30 minutes, and Broadbent (1951) has interpre F 
the type of performance deterioration in terms of a failure to attend to one part o 
ir Surroundings continuously, drawing a parallel between such lapses and the 
ll preventing response as reported by Bills (1931) in a series of sensory 
tng ination tasks. Fraser (1951) had previously found that response to an 
q changing part of the stimulus field showed an uneven distribution in time as the 
fat tion of the activity increased, and from this developed a technique of testing for 
y ‘Sue using as a measure the variance of the subject's estimations about his own 
San (Fraser, sect 
i^. further principle is 


€rent isplay tends to reduce j 
Tei parts of the display “i i j This applies equally to the presence 
ht Dstate performance at a previous high lev el. his app! q y p 


€ experimenter in the same room 25 the subject SRM Cd dre 
SM " ituation (Mackworth, 1950). ; 

ils of results in ort features of vigilance or watch-keeping tasks are 
E Dn ce the two mos i: relevant signals at infrequent intervals of time, and 
the Presentation of discre ulus field. Absence of discontinuity 


relati i tinuity in the stim f 
Eve absence of Eu eee ae of course, a milder case of perceptual depriva- 
ti, derstood in the pre 


É 54). These authors isolated 
on : Bexton, Heron and Scott (1954). at a 
sup; han that stu : am or more and found deterioration in cognitive functioning 
a MS for periods RU: psychopathological symptoms similar in some ways to the 
Sympto, de EE in the series of synthetic flying experiments reported by Davis 
ms of fa 
ftgagy. 
159 


ausing the attention to be divided over 


at any factor C I à 
icr the incidence of missed signals and may 


a a rt 
F R g Bo 5 S 
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The tasks used by Bills, and the five-choice serial-reaction test used by Broad 
were characterised by only a relative absence of discontinuity in the stimulus s 
and relevant signals were presented at a fairly high rate. These tasks mie E 
termed "consecutive" to distinguish them from the more truly continuous tas a 
such as tracking, where the timing and nature of the next signal in the series depen 
upon the previous response. iye 

The experiment reported here represents a preliminary attempt to analy: 
deterioration in performance on a simple continuous task—compensatory trar mes 
a target which drifted off centre in a constant direction at a constant rate. d 
difficulty was experienced in performing error-free runs of at least 10 minutes’ duratior 
and it was assumed, therefore, that any subsequent errors would be due to inatten kga 
to the display. Since there were no discrete signals it was considered that there wa 
greater uniformity of the display in space and time, i.e. there was less discontinuity, 
and that the conditions were closer to the perceptual isolation of Bexton and hi 
co-workers, than the previous types of task outlined above. 


II 


METHOD 
Apparatus. The 

The synthetic display used was similar to that in certain types of radar set. d 
subject was required to keep a target echo constantly aligned in the corner of a step 
the time base. . s base 

The display consisted of two pieces of perspex; one fixed, representing the time us i 
and the other moving, representing the target echo. They were both suitably ene aa 
and edge-lit. When superimposed and viewed from the front, they appeared in one pl 
and gave a good impression of a C.R.T. display. ; tial. 

The moving part of the display was connected to the output shaft of a diferen ues 
Thus its motion was the algebraic sum of motion fed in by the subject via the hand 1 
connected to one input shaft, and a constant speed motor which fed the other input with 

The handweel was 63 in. diameter and had a moment of inertia of 6:2 Ibs. in." dof 
the target motor running the handwheel had to be cranked. at a constant SPON 
75 r.p.m. to keep the target stationary. When the motor was not running, 25 revoluti 
of the handwheel moved the target through three inches on the display. 

Errors to the right and left were recorded on post-office counters driven by a v main 
at ro impulses per second, which was located in a room some distance from the error 
apparatus. Switches on the output shaft from the differential closed as soon as the “rhe 
became greater than 1 mm. movement to right or left of the corner of the step. th of 
experimenters recorded continuously these errors as they were made, noting the leng 
error and the time. 


ibrator 


Procedure. 


sad’ of 

Twenty-one subjects (age range 18 to 33) were tested for an uninterrupted Mo po 
two hours. Each was first given five minutes' practice to become acquainted vd an 
apparatus. Red error-indicator lights were switched on during the practice perdam 
the extent of the zone of accuracy was learnt from them. This was followed by phor E 
without the error lights during which the subject was urged to track Gr ped ee 
possible. Immediately he had accomplished an error-free run of four minutes, pie pour 
was ended and after a short rest his watch and cigarettes were taken away and the two- 
test was started. 


III 
RESULTS 
Incidence of Errors. 3 
The total number of errors (regardless of sign), for each subject ranged between 
15 and 324 with a mean of 131-8. 


En 
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In order that the progressive effect of fatigue could be determined, the full two- 
hour period was split into four half-hourly periods, and the mean number of errors 
for all subjects was plotted against time (Fig. 1). 


FIGURE 1 


Mean No. of errors 


Mean number of errors against time. 

a Poisson distribution and to make the error variance 
ormation was performed. Analysis of variance was 
ject (Table I). 


h The data conformed to 
Omogeneous, a square-root transf 
en carried out on the number of errors per sub 


TABLE I 
ANALYSIS OF VARIANCE OF THE SouaARE Root oF THE N 
Errors (N = 21) 


UMBER OF 


Source af. Mean Square Sig. 

2 21:909 P<01% 

Between Men .. + 20 1-9 o 

+316 P <01% 

Between Periods 3 41°31 h 
60 0'831 E 


3 i ifferences are significant. The mean root 
It can be seen that the between period di dard errors iare presented for each 


*ITOrs for all 2r subjects together with their stan 


half-hour in Table I. 


ABLE H 
i NUMBER OF Errors iN EACH 


MEAN S.E. OF THE SouanE Roor OF THE 
EAN AND S.E. 7 
HaLrr-nour PERIOD (N 


= 21 


4th 


1st 
6:32 + 0-199 
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A "t" test on this data revealed significant differences (P < o-r per cent.) ber 
the errors in successive half-hours except between the 3rd and 4th, which was not 


significant. 


Duration of Errors. : 


The mean duration per error is plotted against time in half-hour periods in 
Figure 2. 


FIGURE 2 


Mean of mean time per error 


z hr. I hr. l4 hrs. 2 hrs. 


Mean of mean time per error against time. 


Again it was found necessary to perform a similar transformation on the ke 
Table III gives the analysis of variance data for between men and between perio 


difference, and Table IV the means and standard errors of the root mean time pet 
error in each half-hour period. 


TABLE III 


/ARIANCE OF THE SQUARE Root or THE MEAN DURATION 
PER Error (N = 21) 
——— MÀ ee Mare os oou c E e 


ANALYSIS OF V 


Source d.f. Mean Square Sig. 
Between Men 20 | 7:734 P <01% 
Between Periods 3 9:682 Pas 0:195 
Residual .. ig z 60 0:660 — 


TABLE IV 
MEAN AND S.E. or THE SQUARE ROOT or THE MEAN DURATION PER Error IN EACH 
HALF-HOUR PERIOD (N = 21) 


Ist 2nd e mou A 
Mean 3:12 + 0-177 3:90 + 0:177 4:21 SOT 475 + 0:177 


——————————————Á—————— 
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. The "t" tests which were applied to the data in Table IV revealed the following 
Significant differences between the half-hour periods. 


Ist and 2nd P <1 percent. and and 3rd, not sig. 
Istand 3rd P< ox y s 2nd and 4th P < 1 per cent. 
Ist and 4th P — ox , 3, grd.and 4th EES 4 |» 


Individual Differences. 

Some idea of the great differences between the individuals’ abilities to perform the 
task can be gained from Table V. Here the mean and standard deviation together 
With the range are given for both number of errors and mean size of error for each 
half-hour period. 


TABLE V 
Means, S.D. AND RANGE or NuMBER OF ERRORS AND MEAN DURATION OF ERROR 
FoR EACH HaLr-HoUR PERIOD (N = 21) 


a E o o 


| Half-hour 
Ist | 2nd | 3rd | 4th 
|Mean|S.D.| Range |Mean|S.D.| Range | Mean S.D.| Range [Mean E Range 
-—. | 
Number of E l 
Errors | 15:0 |162| 0-43 |28:5 |25'2| 3-81 | 420 33°4| 6-106| 46:3|33:3|. 4-106 
Mean duration i | i 
of Error | 12:2 11:0 |1:0747:9| 16:8. |1377 ger 19:8 [15:3 |4°I-73°6| 25:6. |24:9 | 8:6-123:8 


Ex qi A uet - dM i-e Ew 


Figure 3 shows the distribution of number of errors for the 2I subjects in each 
half-hour of the test. The marked shift in the distribution with successive half-hours 
1S apparent, - 

Both measures of performance, number of errors and mean time per error, reflect 
these individual differences in ability to perform this task. In Table VI it can be 
Seen that scores on these criteria are significantly correlated, the men having most 


“rors tend to spend longer on each error and vice versa. 


TABLE VI 


Pr BETWEEN NuMBER OF ERRORS AND MEAN TIME 
ODUCT SNT CORRELATION BE 
Morg PER ERROR 


VE. o O O ORENEAN MÀ 


yst half-hour 2nd half-hour 3rd half-hour 4th half-hour 


0:662 9:567 9:523 9374 
Significance P — < 01% Eok = 5076 < 5:0% 
~ n O M 
IV 
DISCUSSION 


: duction that a large number of errors was to be ex 
d in the Introduction 1 e e expected 
ih ae ee s to the limited variation of sensory input. This hypothesis is supported 
ae ae Errors rise significantly from half-hour to half-hour, except for the 
Ae small rise between the 3rd and 4th half-hours (Figure I and Table TI) 
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However, the reason for the levelling out of the error curve is more apparent than 
real, since Figure 2 and Table IV show that the mean duration of errors also increases 
throughout the period of the test. Hence for the “poorer” subjects a point is reached 


where each error occupies so much time that they almost run concurrently and an 
error ceiling is reached. 


FIGURE 3 
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Frequency distribution of errors. 


Almost without exception all the subjects appeared keen and displayed eagerness 
to know how well they had performed at the end of the run. Accordingly it is cone 
cluded that lack of motivation could not account for the results. The only alternative 
explanation is that fatigue of some kind is responsible. - ; t à 
The hypothesis set up at the beginning of the experiment was that since the task 
demanded continuous attention to the display, mental blocks or gaps in the perceptual 


FATIGUE IN COMPENSATORY TRACKING 165 


Tesponse would occur, causing tracking to become momentarily uncontrolled. The 
relatively long periods of time before any errors occurred, and the increasing incidence 
of errors with time, may be taken as supporting evidence. However, it could be 
argued that since the subjects were required to crank continuously, the increasing 
Variability in speed of cranking due to muscle fatigue would also account for the 
results. This argument can be met on three grounds. First, neither the subjects nor 
the writers in trial runs experienced symptoms of such gross muscular fatigue as would 
be necessary to account for the deviations in tracking. Secondly, any deviations due 
to muscle fatigue should have been corrected before the blip moved far enough off 
target to record an error, providing there was no lapse of attention, since the task was 
Visually controlled. Thirdly, a general subjective belief was evident that the task 
had been performed better than it really had, and this lends support to the view that 
failures of attention rather than muscular fatigue accounts for the results. 

. ltis regretted that a more systematic method of recording the subjective estima- 
tions of performance was not made at the time of the experiment, since as the target 
Moved off centre until corrected, some knowledge of results was provided which 
might have been expected to give the subjects a fair estimation of performance. In 
addition to poor performance estimations, several subjects believed that the experi- 
Menters had caused variable movements of the target during the later stages of the 
two-hour run. It is perhaps relevant to note that similar unreliable estimations of 
HE ance and belief that the apparatus had broken down are reported by Davis 
1948). 

Considerable individual differences were found both for the number of errors and 


the mean time per error. As would be expected the differences in performance ability 
Were Maintained throughout the test so that those who did best in the first half-hour 
‘lso did best in the last half-hour. In future work it is hoped that individual differ- 
“lees might be related to personality differences such as the inert and overactive 
35sifications suggested by Davis. However, the small number of subjects tested 
‘nd the lack of Valid checking data makes a full analysis of the present experiment 


al 
Ong these lines fruitless. 
[9] 
ady. 
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THE WARMINC-UP EFFECT IN RECALL PERFORMANCE 
BY 


IAN M. L. HUNTER 
From the Department of Psychology, Edinburgh University 


Two experiments on recall are reported. In the first, 120 adults recall, in successive 
3-minute sessions, names which begin with a particular letter of the alphabet, a different 
letter being used in each session. The second experiment differs from the first in inter- 
polating a 20-minute lecture between the first and second sessions. The major finding Is 
that the performance of one recall task (e.g. recalling names which begin with N) facilitates 
the performance of a subsequent and similar, but not identical, recall task (e.g. recalling 
names which begin with K), provided the two tasks occur within a relatively short time 2" 
each other. This facilitation has the characteristics of warming-up and suggests that 
recall may, if only for heuristic purposes, be regarded as a high-level skill. Two minor 
findings are reported which indicate problems for future investigation. 


I 
INTRODUCTION 


When the human organism undertakes the performance of a previously acquired 
skill, initial execution tends to be irregular, slow, and inexact. But, as the per- 
formance is persisted in, it also Tegains its former efficiency. Doubtless, athletes and 
musicians have always been familiar with this phenomenon. Psychologists have 
known it, for some half a century, as the “warming-up” effect. “The best definition 
of ‘warming-up’ as an objective act is that part of an increase of efficiency during the 
first 20 minutes (or some other assigned early portion) of a work period, which 15 


Specially slow in this same period. What time is assigned in the definition of warming- 
up effect is of little consequence to the investigation so long as some time is assigned. 


Recently, Ammons (1947) has undertaken a detailed quantitative and theoretical 
analysis of warming-up as it occurs in motor performance on Snoddy’s mirror drawing 
apparatus and the Koerth rotary pursuit apparatus. He suggests that warming-UP 
is due to the regain of a “set” which consists principally of various advantageous 
postural adjustments and is additional to that produced by the experimenter's (0r 
the subject's own) instructions. It follows that part, at least, of what is called 
forgetting is attributable to loss, over the “rest” period, of an optimal performance 
"set." Irion (1948) has argued that warming-up is also relevant to the recall and 
relearning of verbal material. Furthermore, he has verified his assertion experi- 
mentally. Irion (1949) presented two groups of adults with a list of 15 paired associates 
(adjectives) on a memory drum. Twenty-four hours later, he had both groups relearn 
the same list, the number of correct anticipations on the first relearning trial providing 
a score of (aided) recall. Immediately before relearning, however, one group had a 
single trial of naming colours which were presented on the drum in the same way and 
at the same speed as were the adjectives. The other group had no such colour- 
naming trial and, in consequence, recalled significantly fewer adjectives than did the 
first group. What must have happened is that the colour-naming trial enabled 


WARMING-UP EFFECT IN RECALL PERFORMANCE 167 


warming-up to take place, enabled the subjects to regain some sort of performance 
""set" which had been lost during the interval between learning and relearning. The 
Subjects must have regained some proficiency in those non-specific activities which 
characterize any instance of memory-drum work, e.g. looking at the aperture and 
` recalling items at rhythmic intervals. 

It cannot be doubted that Ammons and Irion have established their point, at least, 
that is, as regards one type of recall performance. But, so far as the writer knows, no 
attempt has been made to test the applicability of their arguments to another type 
of recall—one which is more common, more complex, and more characteristically 
human. The difference between these two types of performance is mainly this: in the 
9ne, recall activity and original acquisition activity are much the same whereas, in 
the other, the two activities are appreciably different. In measuring the recall of a 
motor performance or of a list of adjectives learned by the anticipation method, the 
Subject is not asked to do anything which he did not do during acquisition. He 
Simply continues, after an interruption, his original learning activity. Even the 
activity of recalling a poem may not be so very different from that of learning it, 
despite the fact that the one involves reading or listening while the other involves 
Speaking or writing. But when the subject is asked to recall, say, the names of 
Several shops all of which sell ties, his recall activity clearly differs from that involved 
I original learning. This is the type of recall which typically occurs during thinking. 
In it, past experience is broken down into constituent parts. The request to recall 
does not become, in the words of Bartlett (1932), “merely a cue setting up a series of 
Teactions all carried out in a fixed temporal order, but a stimulus which enables us to 
80 direct to that portion of the organized setting of past experiences which is most 
Televant to the needs of the moment" (p.206). It is this type of recall performance 
Which Bartlett has characterized by saying that, in it, the subject must “turn round 


s i y between 
u 2) ough there seems to be no sharp dichotomy c 
Pon his own schemata." Althoug it is convenient, for purposes of discussion, to 


Ese two classes all activity, c fe n 
Eu The former might be referred to as “rote recall" and the 
l : qo» 
atter as “productive recall. tible to warming-up is suggested, but not demon- 


s s e a A G 
Pateat Productive e ie first concerns simpiy an eae 
Ndin d 4 Yo ee recall, The second concerns a not unr lli arded SUR as 
e rr garding d aper's treatment of recall. pn S RIDE Bd 
a mer 1 implicit in ing “retention,” but as a skille ap ivity o E Y me 
a e technique for me: ht. Itis treated as Bartlett (1950) has TE ODED e ] > 
t fe in its own ER "ue. as a high-level skill. This treatment ae was e 
à co ing should be rou little-understood activities of recall and the better-under- 
à Mparison between d in motor skills. It implies, further, that many phenomena 
ee activities involve E of skill. And, one of the most prominent of these common 
NAE pU ly, be the warming-up effect. 
II 


EXPERIMENT ONE 
experiment is to establish the existence of warming-up in the 


The purpose of this ely complex recall task. 


Performance of a relativ 


Subjects and Fiery y first-year psychology students (53 men and 67 women) acted 
One hundred-and- two in experimental psychology at Edinburgh University. The 
Subjects as paix groups of 20 students each. The procedure for group I was as 

Subj nded 1 

jects atte’ 
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follows. Each subject was given three sheets of paper and asked to write Dm e 
each sheet. The following instructions were then read out to the group. '"'In this E 
ment, you will be asked to write down three lists of names, making each list as Ipag EL. 
possibly can. You will be given three minutes in which to write down the first T “outa 
first sheet of paper and, when you have done this, your list «vill be collected and ae been 
be given another three minutes to produce the second list. When your second list E 
collected, you will have three minutes in which to produce the third and last lista a Ls 0 
beginning each list, I will give you a single letter of the alphabet and your task TM that 
write down as many as you can of the surnames and christian names which Begin ane = 
particular letter. For example, if I gave you the letter B, your list might run as fo S n Ce 
Brown, Bernard, Barbara, Bertrand, Bob, and so on. Put down all the surnames y and 
think of beginning with a given letter and also all the christian names, both boy: "Thus, 
girls', even though some of them are dimunitives or derivatives of the others. vod 
Betty, Betsy, Bess, and Bessie would, each one of them, count as a different name yd 
needn't put the names down in any special order. Just write them as they occur lite 
But do try to make your list as long as possible. For each of the three lists, vei e for 
given a different letter. Now are you quite clear about what you have to do? (I Tristan 
questions.) In the first list, then, you must write down only those surnames and c z m 
names which begin with the letter I shall now give you and you must try to pro E 
many of these names as possible.. Are you ready? The first letter is K.” As the E. m 
menter pronounced the letter K, he wrote it on the blackboard and started the stop-¥ d the 
Three minutes later, the subjects were told to stop and the experimenter walked E. then 
group collecting each list. "This collection took about 45 seconds. The group 2 um j the 
told :—''Now I am going to give you the second letter. Remember to write down 3. En 
surnames and christian names you can think of beginning with this new letter. Bet 
ready? The letter this time is J." Again the letter was written on the blackboard im i 
minutes were given for recall, and the lists collected. This done, the group was instruc! n ihe 
"Now I am going to give you the third and last letter. As before, write down A The 
Surnames and christian names you can think of beginning with this letter. Raag a 
third letter is N.” When the third list was collected, the experiment was concluded 
The procedure for the remaining groups of subjects was identical with that à On 
except that the three stimulus-letters were given in each of the other possible orders” lied 
completion of the experiment, each group was asked not to discuss it with other Ine ously 
of the first year class. And, since some groups performed the experiment simultaneous? 


x < learned 
and all groups performed it within two days, it seems unlikely that many students lear 
anything about the experiment before taking it. 


Results 


2 : : ically 

Each individual recall list was scored on the basis of one mark for each phone tid 
different name. Thus, “Jonson” and “Jonstone” scored one mark each, but | i eegsion 
and “Johnson” scored only one mark in all. To discover whether the first. uae ny one 
influenced the second, it is not, of course, sufficient to contrast the second list 9t E E 
subject with his first. The reason for this is that it cannot be assumed that, eyen The 
comparable conditions, a subject would recall as many K-names as, say, joier the 
Score on the second session must be contrasted with that on the first session a As done. 
Same stimulus-letter is employed. The design of the experiment enables this S third to 
Thus K was presented first to groups I and IV, second to groups IT and V L an Any one 
groups III and V. So, in like manner, with the other two oine to three 
stimulus-letter was, in short, presented first, second, and third, respectively, 
different groups of 40 subjects each. dard 

zd ndar 

Table I shows the mean score for each such group. Also shown is the ix ET 
error of each mean. Shown, too, are the grand mean scores made on n arid. 

2 Een E s i a 
session (position) irrespective of the stimulus-letter used and, conversely, e E ennt 
mean scores made using each stimulus-letter in all three positions. These E bod ^ of 
are derived from the original data and not from the means entered in the bo y 
the table. 


Since the 120 subjects are symmetrically distributed throughout the 9 C 
Table I, the data may be subjected to an analysis of variance. The outcome of T 
analysis is shown in Table II. (In this table, as in eee III, only three SERE 
levels are employed, i.e. 1 per cent., 5 per cent., and not significant.) The mo 
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I . H 

— ws is that the variance attributable to the positions of presentation is 
ES Ne ud e I per cent. level. Table T shows that this variance takes the form of 
Signi jm score on each success ve recall session. In other words, there exists a 
Élitate | | spa effect which verifies the original hypothesis that recall may 
vo du er recall through warming-up. The analysis also reveals a very large 
ndeed edd the stimulus-letters themselves which is, of course, highly significant. 
M. Tabl differences between the mean scores made on the three letters is so large 

e I) that they might almost be pronounced significant on mere inspection. 


TABLE I 
ExPERIMENTAL RESULTS 


— S c 


Position of Presentation Grand 
- Mean 

Grimau First | fi | Second M Third for 
tlus-letter Mean | S.E. | Mean | S.E. Mean SE. Letters 


-s | | 33 | 075578 134 | 06929 13:04 


K 
z e «| eS 0:557 | 143 
N m S] 134 | 00810 | 140 | 0:5606 16-0 | 075801 14°37 
G e «| .22* 0:8177 21:2 0:8696 24:0 0:956. 22- 
PS mean - 3 77 | 4 5603 49 
TABLE Ii 


VARIANCE TABLE 


Level of 


Variance 


Sum of jane vel 
Source Squares d.f- Estimate F-ratios Signif. 
Between letters ..| 6,280.24 2 | 3,140-12 158.2 1% 
etween positions . - 25511 2 127:56 6:43 1% i 
Interaction . . se! 15569 4 38:02 1:96 not signif. 
351 19:84 = = 


Within sets. . ..| 6,963:87 


TABLE Ill 
TWEEN GROUP SCORES 


E OF DIFFERENCES BE 


SIGNIFICANC 
Ni-N2 N2-N3 Ni-N3 


Groups Ki-K2 K2-K3 Ki-K3 
t-value h 3:89 rol 2:29 0-68 © 2:46 2:90 
*vel of signif. vaa 195 not signif. 596 not signif. 5% 1% 
Groups gae | JAR freee PETAS |) eee e Sp 
try, ? 232 " 
alue 0:92 2:17 3:35 2:32 11:53 8:37 
uu i 5% not signif. 5% 1% 1% 


evel of signif. `T] not signif. 


in over-all fashion, that both the stimulus-letter and its 
ce the amount of recall, a number of t-tests can be made 
rces of these effects. The result of these t-tests "aie 
Each entry in the. first row ("groups") gives ha twi 
the mean scores of which is being tested for Seniha 


Having established, 
Presentation position influen! 
O discover the precise sou 
Summarized in Table MI- 
8roups the difference between 
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For example, the entry *N1-N2" means that the difference is being considered he 
the mean score of those 40 subjects who were presented with N as the first stimu a 
letter and the mean score of those 40 subjects who were presented with N as the secon 
stimulus-letter. The second row gives the t-value of the difference between the means. 
The third row gives the level at which this difference can be accepted as signitica M 

Table III provides three new items of information. (x) With regard to poni aa 
effects, Table I exhibits two exceptions to the general trend of improved reca : 
Successive sessions. These exceptions are the drop in mean score between |. 
K2 and K3 and, again, between groups Jr and J2. Table III shows that bee d 
inversions are not significant. In fact, the only significant position effects whic Wc 
occur all represent a progressive improvement in recall performance. (2) With reg: 
to the effect of the stimulus-letters, Table III shows that the average number E 
J-names is significantly greater than the average number of N-names which R^. 
turn, significantly greater than the average number of K-names. These differen A 
presumably reflect the relative frequencies with which these three classes of Ur I 
occur in the everyday use of language. (3) Returning to position effects, Tabla rae 
reveals that improved recall manifests itself more clearly with some stimulus-le T 
than with others. The indication is that the recall of K-names is most susceptible d 
improvement, that the recall of N-names is perhaps somewhat less susceptible, ne 
the recall of J-names is the least susceptible of the three. If this is indeed 80, it m 
in very neatly with the last-mentioned finding and leads to the conclusion t ‘ts 
susceptibility to improvement is inversely related to the amount recalled, i.e. to E^ 
ease of recall. Apparently, the more difficult the recall the more likely it is i. 
facilitated by prior warming-up. Unfortunately, the present data yields no furt d 
information about this conclusion. But the conclusion, if valid, seems important an 
will be taken up again in Discussion. Ie 

It was found above that the recall of K-names and N-names is facilitated mo x 
than is the recall of J-names. The next question is whether the recall of those eos 
of name might not produce different amounts of facilitation in subsequent a on 
Consider groups III and IV. Both groups recall N-names in the second session. Bu if 
in the first session, group III recalls J-names and group IV recalls K-names. Now, d 
the recall of J-names produces more warming-up, this would lead, in the € 
session, to a superior performance from group III. Accordingly, t-tests were made d 
discover the significance of the difference between the mean scores, in the E 
session, of groups III and IV, of groups I and V, and of groups II and VI. Each 
the three differences involved proved to be both small and insignificant. It must, 
therefore, be concluded that later recall is facilitated to an equal degree by recalling 
K-, N-, and J-names alike. 


Summary of Results 


This experiment demonstrates (x) that performance of one recall task Dad 
performance of a Subsequent and similar recall task at least when the two tasks is 
Separated by about 1 minute, and (2) that facilitation seems to be more evident : 
more difficult the second task but is, within the limits here investigated, independen 
of the difficulty of the first task. 


III 
EXPERIMENT Two 


If the facilitation found in the previous experiment is to be regarded as avenue 
up effect and if Thorndike is correct in characterising warming-up as being ‘‘abolishe' 
by a moderate rest," then it follows that amount of facilitation ought to bear some 


WARMING-UP EFFECT IN RECALL PERFORMANCE 171 


Inverse relation to the length of time interpolated between the first and second recall 
Sessions. The purpose of this experiment is to test this expectation by, in effect 
Tepeating the previous experiment with an interval of about 20 minutes between 
. Successive recall sessions. The prediction is that the second recall performance will 
Show less improvement than it did in the previous experiment. 


Subjects 
The Subjects were 88 women students of Moray House Training College for Teachers. 


Procedure and Results 
cee students, in two groups of 44 each, took the experiment during one of their usual 
ore D Each of the groups was split into two sub-groups, one sub-group sitting at 
the de of the room and the other at the other side. On being introduced to the class by 
Tegular lecturer, the experimenter issued each subject with a sheet of paper on which 
* was required to write her name. With group L instructions were given as in the 


mous experiment except that mention was made of only one recall list. Both sub- 
& ups were then given the stimulus-letter N and three minutes in which to recall the 
PPropriate names. The experimenter then collected the lists, thanked the class for its 
th Operation, and left the room without any hint that he was to return later. The class 
en had a 20-minute lecture on developmental psychology. At the end of this lecture, 
inst experimenter returned, issued each subject with a fresh sheet of paper, gave the 

Tuctions once more, and gave the second stimulus-letter. In this instance, one sub- 


group was given N and the other was given K. It was explained to the former sub-group 
lete as possible, including both names previously 


E thelist of N-names was to be as comp 1 ^ 
a alled and any new ones which occurred. When the three-minute recall session was over 
nd the lists collected, the experiment was complete. An identical procedure was adopted 
/ rse order and the 20-minute 


i ith Broup II except that the stimulus-letters were given in reve 
erval was filled by a lecture from the experimenter on developmental psychology. But, 


Although the experimenter did not leave the room, he did attempt to suggest, after the 
TSt recall session, that the experiment was over. To avoid communication between the 
avo Broups, it was arranged that they take the experiment in consecutive class periods. 


The order in which the stimulus-letters were presented to the four sub-groups is 
Shown in Table IV along with the mean and standard error of the scores made by 


$a, d : 
ch Sub-group during each session. 


TABLE IV 


DrsiGN AND RESULTS or EXPERIMENT TWo 


Second Session 


First Session 
No. of S.E Letter Mean S.E. 
7 j Letter Mean E z dur 
Group | Subjects e [fosa e F z z - 

158 | 0-8686 < 13:4 0:8139 

Ia 22 N TG 0-8882 N 21:4 1:386 

Ib 22 K 131 0:5478 N 16:0 1:021 
lla 22 K 13 0-6001 K 19:7 0:8379 


nesthe warming-up effect persists over the lecture period, the 
ond session) of sub-group Ia is compared with the mean 
x , sub-groups IIa and IIb (on the first session). Likewise, the 
E scores made group IIa is compared with the mean N-recall scores made 
ues and Ib. None of the t-values of the differences involved are found 
ix NM anywhere near significance. The failure to find any facilitation in the 
larly relevant since it contrasts with the outcome of the 


Tecall of K-names 15 particu 


To discover whet 
Mean K-recall score (on the sec 
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F r A : x à xceeds 
previous experiment in which the mean K-recall score on the second session exceeds, 


the mean K-recall score on the first session by an amount which is significant at E 
I per cent. level. Now, since the major difference between the two -—. i 
in the length and nature of the activity interpolated between successive reca. E E 
must be concluded that the warming-up effect is abolished by 20 minutes spen a 
listening to a lecture. The hypothesis with which this experiment began is ens E 

Turning now to sub-groups Ib and ITb, it is seen that, in each of these, the m E. 
recall score on the second session is greater than that on the first. The en. 
between the two correlated means furnished by sub-group rb is significant at a 
1 per cent. level (t = 7-38) as is also the difference between the two correlated ea 
of sub-group IIb (t = 10:37). So, while the recall of, say, N-names on the p by 
session is not facilitated by the prior recall of K-names, it is definitely facilitate E 
the prior recall of N-names. It is also worth recording that, as Brown (1923) fo 
in a very similar experiment, not all the names recalled in the first session are ie 
recalled in the second. Thus, for sub-group Ib, of the mean of 13:6 names reca $ 
in the first session, a mean of 10:8 are also recalled in the second session, while a mea 
of 2-8 names drop out and a mean of 10-6 new names make their appearance. 


Summary of Results 


: inute 
This second experiment demonstrates that (1) the interpolation of a go 
lecture between the performance of the first and second recall task Solis té 
facilitation shown in the previous experiment, and (2) this 20 minutes of interpo!a 


activity does not abolish facilitation when the two recall tasks are identical and nO 
merely similar. 


IV 
Discussion 


It may seem strange to some psychologists that the present investigation sod 
omit to control such an obviously important set of circumstances as the T 
under which original learning took place. This control might easily be achieve! tt d 
for example, reading out to subjects the names of a large number of objects and 1 m 
asking different groups of subjects to recall, first, these names of objects W E 
belonged to one class, second, these names of objects belonging to another Baer 
soon. An experiment of this sort might be worth doing, especially if it employe lly 
names of objects classifiable in more than one way. But it is not perhaps ec ds 
suitable for the purpose of this investigation which is, very simply, to demonstra Be 
clearly as possible that productive recall performance does actually manifest Mur 
up. Apart from the labour entailed in preparing and presenting lists of names, 2 
experiment has two possible disadvantages. First, it involves recently We id 
material which would be particularly susceptible to retro-active interference e 
the recall sessions. This would introduce a factor which not only comple i 
situation but actually militates against the demonstration of inter-session facilita ake 
by tending to depress recall scores made in the later sessions. Second, it reduces by 
complexity of the recall task by restricting the time and place of ne gait of 
circumscribing, to use Duncker’s (1945, Ch. 6) metaphor, the "regions of HOS A 
which the subject must “peruse.” In contrast, the investigation reported px s 
the recall of material learned years before in the course of the subject’s every el 
commerce with his environment. This lessens both the artificiality of the task an : 
the possibility of forgetting during the recall sessions. mo sets a more comple 
task by multiplying the "regions of search" to be ee ] RUE the repr 3 
duction of what was originally perceived not in one situation but in many, Becaus 
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pes greater complexity, the task is, presumably, likely to benefit not only more 
Ec practice but less immediately. In other words, it is likely that the optimally 
ctive recall techniques (or "set") would not all be brought into play at the very 


*&inning of performance. 

f E experiments reported seem to jus 
E ormance of one recall task facilitates t forn Í 1 
cam Eu task, provided the two tasks take place within a relatively short time of 
Sus: er. This conclusion could be left simply as a statement of fact. But it is 
Es tg Science to attempt interpretation in one or both of two ways. One of these 
Nn ‘a correlate one fact with a number of others and show that one phenomenon is 
mad Stance of a more general class of phenomena. | Here, such a correlation may be 
Which with relative ease. The demonstrated facilitation takes place between tasks 
im have, in common, only characteristics of a rather general sort. Thus, the 
jv, ovement may be described as a warming-up of the performance of, if not produc- 
Moral in general, then recall-of-names-beginning-with-a-particular-letter. The 
a ation may, then, be classified along with warming-up of skilled motor per- 
pert ances, And, to this extent, the original assertion that recall and motor 
à Ormance are activities of a kind is reinforced. The second, and more 

mbitious, mode of interpretation seeks to 8o beyond the level of observation into 

© realm of theory and to explain the observation by deriving it from the theory. 
, OWever, the experimental findings seem insufficiently extensive to support any 


Mterpretation of this sort. : 

m Ne point on which more information is required concerns the relation between 

E Sceptibility to warming-up and the difficulty of the recall task. Checking the 
alidity of this indication would seem an important preliminary to the construction of 

“ny theory about recall performance. Recall performance differs from skilled motor 


Performance in the important respec erformance progresses, it becomes 
Nereasj : sav, tracking is repetitive in a wa 
E Teasingly more difficult. The performance of, say, g P y 


Ich recall is ; lation of items which can be recalled is not infinite 
BU is nah P Ils, the fewer new ones there are left to recall. 


ecall has been demonstrated by Bousfield, Sedgewick, 


ted different groups of subjects with a list of 60 nouns, 
: ach group. In recalling these names, 

v : ing to the number of original presen- 
Vas found that speed of recall incre ee AE beard foun’ hat, ON 
rst and then appeared at longer and 
Ongar: z ^ ogressively more difficult. Suppose, then, that 
er uie oe med ere E all sessions, not of 3-minute duration, but 
Duy s. expert -minute. The shorter sessions would have decreased the over-all 
difficult M "es and the longer sessions would have made them more difficult. 
Ence demos E. a direct relation between difficulty and warming-up, it would 
: predi t d th " ngthening the sessions Eur ee cam. of inter- 
t a e t a x shortening the sessions would d such facilitation. This 
Tedictio pects ener to what would be expected if warming-up were held, as it 
"suam on runs be performance (Ammons, int p- ing to increase according toa 
Negatiy i x Sel rated growth curve. It may be, then, ps Teral and motor mon 
orm ely accele in only @ limited sense. Ț Consequently, classifying them together 

! Sery, ance are alike wii function of indicating in which respects they are similar and 
in m only the iom erhaps, t0% the results of the present experiments will have to 

B PR terms of a warming-up which operates in conjunction with some other 


1 all. 
uliar to rec 
TOcess or processes pec 


tify the following major conclusion. 
he performance of a subsequent and 
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Another point on which information is inadequate concerns the last finding of 
Experiment Two that the performance of a recall task is strongly facilitated by eun 
earlier performance of the same recalltask. This finding involves all the complexities 
of interpretation which have attached to the results of any investigation hitherto 
conducted into the effect of recall upon the subsequent recall of the same material. 
These investigations, ranging from Ballard (1913) to Ammons and Irion (1954), have 
uniformly found that the second recall is facilitated by the first. This facilitation 
could represent, in whole or in part, a warming-up effect. Such a warming-up would, 
presumably, be stronger than that discussed in the body of this paper since it involves 
two recall tasks which are identical and not merely similar. Other interpretations 
are, however, possible. Thus, Brown (1923) has explained the facilitation in terms of e 
specific practice effect. He points out that recall is affected by chance factors which 
vary from moment to moment and that, due to adverse factors, the number of items 
recalled at any one time is less than the total which could be recalled. So, by mete 
chance, a second recall session would yield a list of names somewhat different from 
that produced on the first session. Also, it is possible, in the second session, to recall 
something of the performance achieved in the first session. “The second list will 
therefore be more extensive (under suitable conditions) than the first list because it 
contains those items which are fairly sure of recall in any list, plus a certain number 
of items subject to chance which failed to appear in the first but do by chance appear 
in the second, plus in addition items which by chance appeared in the first list an 
might not have occurred in the second, but which do occur in the second because of 
being. reviewed or recited in the first recall." (Brown, 1923, p. 378). This specific 
practice effect would be especially important if the first recall induced the subject to 
undertake, during the "rest" interval, further recalls or imaginal reviews of the 
material; or, again, if it selectively sensitized the subject to recognize these fragments 
of the material which chanced to occur in his environment. (Instances of such selective 
sensitization seem to be apparent in the protocols of Myers and Myers, 1916.) The 
existence of these different mechanisms points up the complexity of the situation 1" 
which the second recall involves the same material as the first and suggests why, 25 
regards the results at present under consideration, the available data is insufficient 
to show which one, or which combination, of these mechanisms is operative. 

In view of the above discussion, the writer feels justified in not committing himself 
to any theoretical interpretation. Investigations are at present under way !^ 
Edinburgh University which may do something to remove the above-mentione! 
inadequacies in the present-day knowledge of recall. Meantime, the writer must 
confine himself to making, in this paper, an almost purely factual contribution. 


The writer wishes to make grateful acknowledgement to the following: to Miss E. IRAE 
and Mrs. E. Ingram, both of the Psychology Department, for administering Experumor. 
One to some of the groups; to Mr. James Maxwell of Moray House for making subjects 
available for Experiment Two and actively co-operating in its administration; and to 


Dr. Boris Semeonoff for many helpful discussions on possible methods of analysing the 
experimental data. 
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THE MEASUREMENT OF DISCRIMINABILITY 
BY 


E. R. F. W. CROSSMAN 
From the Psychological Laboratory, Cambridge* 


The need for a quantitative measure of “Discriminability” is pointed out. A foo 
is required which will enable one, knowing the physical measurements of a set of Pn 
signals, to predict the time taken by a human observer to recognize any one. Exis 


formule relate to the two-choice threshold task and to very “easy” multi-choice ones: 


A more general treatment is attempted in order to cover the region between these two 
special cases. 


For the limited case of two-choice one-dimensional signals, three functions fulfilling 
requirements have been derived from theoretical considerations and tested against observ 


times for visual and proprioceptive sorting tasks of various levels of "difficulty." The 
function: 


C = K where 24,2, = physical sizes of signals, 1, 2 
(2) = log. x, — log. x, K = an arbitrary constant 


was chosen as fitting the data most adequately, and has been named the Confusion. 
function. A method of extending its use to multi-choice and multi-dimensional signal-set? 
is outlined and experimental results concerning the former are presented. es 

The relation between this function and the Weber-Fechner law is discussed ; application 
in the study of Information, span of apprehension, and learning of sequences are outlined. 


I 


INTRODUCTION 
The study of discrimination i 


is at least as old as experimental psychology itself, 
and the literature voluminous, yı 


et no writer has put forward a quantitative theory 
which can predict the degree of discriminability of sensory signals from a knowledge 
of their physical characteristics. The nearest approach to a solution of this pee 
problem in psycho-physics is still the oldest, the classical Weber-Fechner law, whic 
even if it be accepted as theoretically valid is of limited application only, There pue 
many kinds of discrimination—easy or difficult; between two or more possibilities; 
With one or more than one dimension of variation of the sensory signals—but this 
law covers only the case of signals at threshold occurring in a two-choice eco 
and varying in one respect only. The present paper puts forward a fairly MS 
theoretical formula which will, in principle at least, cover a much wider field. T 
new formulation was reached by a quite different route from that which led to t 
Weber-Fechner law, but agrees with it, and indeed includes it as a special case. - 
The experimental work to be described does not go far beyond the classical um 
choice one-dimensional discrimination task. Our concern is with response-time J 
signals well above the threshold ; in other words, with “easy” tasks done at high spee! d 
But the technique devised to study this problem can easily be adapted to ie 
complex tasks; a preliminary result on multi-choice discrimination is given and ie 
way in which the theory extends to such cases is indicated. In the course of Gu id 
Work (Crossman, 1953) on the transmission of information by the human subject, 1 
was observed that the physical characteristics of the information-bearing signals, as 
this case playing-cards, affected the time taken to respond to e In several kin t 
of task, an approximately linear increase of response-time with information conten 


* Now at the Department of Engineering Production, University of Birmingham. 
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had previously been reported by Hick, Hyman and others (Hick, 1952; Hyman, 1953). 
The word “information” is, of course, used in its technical sense and its amount is 
measured simply by the negative logarithm of signal probability which is the inde- 
pendent variable in these studies. Yet in our experiments different response-times 
could be obtained for constant information-content by altering the ''difficulty" of 
the signals. Clearly this second variable which was tentatively labelled “‘dis- 
criminability" should be held constant in studies of information-rate, otherwise one's 
results might be due to its variation, and not at all to difference of information. 
But no measure of discriminability seemed to have been proposed by means of which 
9ne could maintain its constancy. Also, as will be shown later, information-content 
and discriminability of signals were seen to be in principle interdependent and not 
Wholly distinct. The present study was undertaken in an attempt to provide a 
discriminability measure and so to put information studies on a firmer footing. 

A study of the literature on discrimination revealed a very large volume of work. 
Space does not permit of an adequate summary here, and in any case a surprisingly 
small amount of work has been found to bear at all directly on our present problem. 
Attention has in the past been concentrated on threshold phenomena (see, for example, 

Woodworth, 1950, Chapter XVII) and on the process of learning discriminations and 
Setting up frames of reference (Helson, 1948). The discrimination of signals well above 
the threshold has been neglected; work in the applied field directed toward improving 
Visual and other displays (for example, Bartlett & Mackworth, 1950) comes into this 
Category, but the results do not lend themselves to the kind of quantitative treatment 
Which would lead to a general theory. Two studies, which both employ the classical 
Method of reaction-times, were alone found to meet our requirements, and they form 


€ starting-point of our present work. 
TABLE I 


Resutts or HENMoN (HENMON, 1906) FOR Two-CHOICE DISCRIMINATION TASKS. 


(1) Discrimination between lines of Constant ratio. 
N Errors Time PUES N Errors C 


Lines (mm) | Time (msec) P.E. 
Subject H Subject S 
20/24 303:85 I2 320 6 323:00 1:34 320 E {P 3:82 
15/18 30773 IIo» 4 ee bs » 26 3$ 
lo T B: 5 2 » i 
r Ton a ee 
e Discrimination between lines of Different ratios. : 
28-78 1:23 400 14 2-64 
x : -87 400 5 B 
n. m da » 7 328:57 LSA o» 22 3:11 
10/12 3 : Ba 0:84 » 12 331:98 1:30 ., 14 3-82 
GONE NO c uM RE ES XN Nu 
to Fa d 0:07 » 15 346.38 Ty. A 42 7°35 
[1x 3239 S38 cd 13 358:28 yu 4, 37 14:39 


Tof1o:5 34471 


(3) Discrimination between Tones above and below 500 c/s. 


Subject W 


Tones (c/s) Subject H 
m f 1:28 320 Eh 34427 1:93 320 4 1o:8 
Fa 2d r32 » 4 354776 212 , 7 144 
2/4 11:06 134» 6 395:67 2538 5, 10 21:7 
508/492 3 1:38 e IO 470:20 342 a 24 A 


504/496 334/00 


a Li 
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Henmon (1906) intended to develop the use of reponse-times as a measure of the 
difference of sensations. His experimental method was as follows. The subject sat 
facing a screen with his left and right hands resting on two keys. Paired stimuli 
(e.g. lines ro and 13 mm. long) were exposed on the screen and he had to release the 
appropriate key (e.g. on the side of the longer line) as quickly as possible. The time 
between exposure and release was recorded on a Hipp chronoscope. Three subjects 


O40 


SEC, 


O35 


0:30 


x " s 


50016 12 8 4 ds 
DIFFERENCE 


Fic. r. Results of Henmon (1906). Discrimination time for paired 
signals of various degrees of difference. 


served and man 


y thousands of responses were recorded. Stimuli of several types and 
of 


various degrees of difference were given using lines, colour-mixtures, and tones 
produced by tuning-forks; in all cases the response-time increased as the stimulus- 
pairs were made more alike (Table I, Fig. 1). Henmon unfortunately did not attempt 
to draw theoretical conclusions from his figures, remarking in a footnote that the 
difficulties involved in a mathematical treatment are too great. He does, however, 
mention that “it should be possible to apply to these results Fechner's Unterschieds- 
formel and correlate the increase in magnitude of stimuli inversely with the increase 
in time of perception and thus test the psycho-physical law.” 
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Lemmon (1927, reported in Woodworth, 1950, p. 335) in a study concerned with 
the correlation between reaction-time and mental characteristics such as intelligence, 
used a similar experimental method to that described above, except that the stimulus- 
Pairs were groups of lights differing by one. These appeared on panels side by side, 
the Subject being asked to react to the larger group. The pairs he used were ofr, rye, 
2/3, 3/4 and 4/5, and times were found to increase in that order; but one cannot draw 
Conclusions from the actual amount of the increase, since Lemmon deliberately chose 
arrangements giving “equal increments of discrimination-time from grade to grade.” 

Since the time of the authors mentioned above, a marked change of emphasis has 
taken place in the study of psycho-physics and of reaction-times. Instead ofa stimulus 
Causing a reaction when the threshold is exceeded, we now think rather in terms of a 
Signal which may be obscured by noise, providing the information needed to select a 


‘Tesponse. Nor is the change merely one of words. In the first place a signal, unlike 


4 stimulus, necessarily implies alternatives, and it is the set of possible signals (the 
Context) not the individual one, on which our attention is focussed. Secondly, signals 
Must be generated by some process which from the point of view of the subject is 
random and whose statistical properties determine the information-content of the 
Signals. Thirdly, any errors made by the subject imply loss of information ina 
calculable amount. Fourthly, the responses are not considered important apart 
from the information in them and can be of any complexity so long as the set of them 
55 defined and they can be adequately timed. Fifthly, the time of occurrence of a 
Signal is itself seen to be a signal carrying information in the time-dimension; this 
'nformation must either be abolished by giving a signal at a known time or be dealt 
With Separately. Sixthly, a set of signals can be translated or coded into many 


Physical forms without change of information-content. | 
oint which concerns us here; information reaching the human senses 


It is this la ire i 
must be icis continuous variables, the pitch and timing of sounds, the spatial 
distribution of light and shade, and so on. The way in which the encoding is done 
affects the time taken to respond to the signal and in particular the more alike the 
Signals in a set the more time is needed to separate them. We seek a formula to 
“Xpress this dependence of response-time on similarity when information-content is 


constant 
t , i have been explored. Of 
S ] E t leading to algebraic formule 1 [ 
E ins a ZEE of Sas Lid and of the experiments described below 
teasonabl ell MIU one was considered to be better in the ena | I Gau 
mental method used in this study was developed by adapting to the method of card- 
method used in iments, the type of display used by Lemmon 


Orti : i iter's earlier experr 3 f : 5 
1927). Pes de ics P EE to the AEN tachistoscopic experiments for studying 


Span of apprehension. 
II 
EXPERIMENTAL METHOD (CARD SORTING) 
1 :criminated were patterns marked on the faces of playing-card 
D The signals to be rine was measured by the time subjects took to sort the pack 
“anks and discriminati! Each trial proceeded as follows: the subject was handed face 
age the correct eae d pack and asked to sort it into two (or more) heaps according 
> Wnwards a vielen structed to turn up cards one by one with the right hand; to leave 
ae Pattern. He waa make uncorrected; and to work as fast as he could without making 
Y mistakes he mig: o errors per pack. His performance was timed on a stop-watch to the 
x ore than one or PE were noted, any trial in which more than ro per cent. errors occurred 
arent 1/5 sec.; OUO experimental results. In this task the subject normally makes a 
as discarded OPER the simplest task if he is performing at top speed. These were 
d mistake E allowance was made for them in calculating performance. In theory, 
orded, bu 
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the correct way would be to calculate the information-loss due to errors and adjust E 
observed time appropriately upwards. But in practice a trial in which a large numen e 
errors are made is usually slower, not faster; it seems therefore that errors have more € d 
on performance than the simple application of Information-theory would lead one to on ic 
and in the opposite direction. The most satisfactory way of handling them seemed to E. 
attempt experimentally to keep them constant on the average for all subjects, and Tee 
leave them out of the calculation. Movement-time was obtained from a task in which 
subject dealt a pack into two piles without sorting. 4 dom 
The patterns on the cards (the "signals") were of two types; for Type (i) a ran x 
group of black spots and another of circles, each spot or circle 3 mm. in diameter, d 
placed side by side on the card. The spots and circles were arranged differently on m 
card of a pack but the total number was constant; the spots and circles differed in nul 
by a fixed amount. The subject was instructed to sort into the two classes, “more E 
and “more circles." The arrangement was intended to reproduce Lemmon's display, ‘of 
it was found that the subjects ignored one or other of the groups and sorted by number id 
one group alone. Use was later made of this observation to obtain a simpler and ue 
flexible task. The Type (ii) cards had each a single group of spots, placed as beforges 
random. A pack of 20 cards was made up for each number of spots from 1 to 18, and w 
a pack of blanks. Any given condition then required two such packs shuffled toget 
The subject had two sample cards placed before him, and was instructed to sort the PETE 
of 40 cards into the two corresponding classes. Subjects soon learned to sort witho! 


; he 
reference to the samples, setting up (apparently) internal “templates” which rendered th 
external ones unnecessary. 


III 
HYPOTHESES AND TESTS 
(a) Information Theory of Measurement, 


Since our own problem arose out of an Information Theory study, the iod 
hypothesis to be tested was derived from the theory of the information content O 
measurement as given by Wiener (1948, p. 75). Very briefly the argument ran Ud 
In order to decide which of two quantities x, or x, (length of lines in Henmon's exper t 
ment, for example) is the larger, the subject must in some sense make a measuremer 
of one, say x», using the other, 9; asa standard. If the answer is greater than 1, 4s fi 
the larger and vice-versa. The measurement need only be precise enough to disting 
them, and a sufficient condition will be that the probable error is less than the oa 
difference (x, — x,). He thus makes a measurement giving ‘‘a posteriori” uncertain 
in a range (x, — x), the original range being simply x,. According to Wiener, 


— X ‘ if it is 
corresponding information should not be far from log, (à z 2) Bits, and if it ! 
if 


extracted at a constant rate, the corresponding time źą should be given by 


sa dug ín ca E. MEN 


A 


The values of this function were calculated for the various conditions of Hu 
and Lemmon's experiments, The resulting curves were found to approximate de 
closely to straight lines. Since the above expression is a measure of information, t A 

constant A is the reciprocal of an information rate (in bits per Second; when x, = nae 
the discrimination involves r bit). In addition to the information in measurement, 
there is selective information required, for the subject must (a) choose one of m 
presented quantities as standard, and (b) choose one of two responses, given the Bc 
from the measurement. The selective information would presumably be dealt with a 

about 5 bits/sec. and one is led to ask whether the measurement information is d 
Therefore, the constant 1/A was estimated from the slope of the lines, and found to 
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— 38 " " ; 
a peut 5 for Lemmon's data on number of lights and about 55 for Henmon's data 
es. 
m prediction was then made from Equation (1) that £a should depend only on 
ratio of the two quantities, and not on their absolute size, for if x}, x, are both 


multiplied by, say, 7, the new time 


, kx, — kxe qme 
dis e dogs ( 2z 2) Aon G - 3 A 
kx, x 


ete time remains unaltered. 

ime Ro Derument of Henmon's confirms this ( 

a later rao 2:1. An experiment done with 
experiment with type (ii) cards is reporte 


(see Table I) for discrimination between 
cards of type (i) also confirmed it; 
d here as being more satisfactory. 


Experiment I. Signals of Constant Ratio and Varying M agnitude. 
T me experimental method was as described above; cards of type (ii) were used. 
mS were 1,2; 2, 4; 3, 6; 4, 8; 5, I0. Four young adult subjects (naval ratings) 
AS: given rs trials of mixed practice and then 3 trials each of the 5 experimental 
of Ss. The residual effect of practice was partially balanced out by varying the order 
" pic tation. Results are given in Table II and Figure2. The absolute magnitude 
isn € signal has, apparently, some effect, smaller signals taking longer, but the rise 
< Ot statistically significant. Similar results have been obtained for other ratios, and 
the weight-judging experiment described later. In no case has a statistically 


Signi : 
Bnificant regression on signal magnitude been obtained. 


TABLE II 


NuMBER OF SPOTS. Constant RATIO 


1/2 2/4 3/6 4/8 5/10 Prearranged 
Subj E 2:2 2I- 
ject K | 366(3) | 348 3670 344 322 m 
36:0 (1) | 357 342 330 354 22:7 
346 370 338 354 340 
in S *6 (2 348 358(2 | 344, 344 22:7 
362 i 355 354 (1) | 347 (2 ER 21:5 
| 370 (2) 35:0 (1) 352 34 3355 
: 8 p 
"n EZ *6 (1) 36:2 (2) 34:8 (1) 33:8 T4 
pi 25 ls) rd 370 344 (1) 33:6 (1) 
33:0 334 34:6 (1) 35? 34:6 
e jig ou 36-0 22: 
^" k 39:0 (1) 372 (1) s 3 7 
x E s 374 354 354 372 
of errors is shown in brackets. The figures for 


rds; number 


arranged cards are taken from Experiment Il.) 


| (Each trial 40 c 
pre 
s were tested on tasks of various ratios in order further to 


Confirm the suitability of Equation (2). It soon became apparent that while the 
linearity of regressions was good at low and moderate values, too much time was 


cing taken over the difficult tasks by most subjects. 


A number of subject 
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Experiment II. Signals of Various Ratios and Constant Magnitude. 

Cards of type (ii) were used; the pairs chosen being I, 10; 5, 10; 8, 12; 9, 12; 8, I0; 
and ro, 12. In preliminary trials it had been found that large numbers gave more 
consistent results than small ones, probably because counting was out of the question. 
The effective stimulus seems to be the amount of black on the card, which is, of course, 
proportional to the number of spots. The subjects were the same as in Experiment I., 


and the experimental trials for this experiment therefore were preceded by about 
30 practice ones. 
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Fic. 2. Card-sorting by number of spots; paired signals of 

constant ratio and various magnitudes. Each point is the mean 

choice-time per card averaged over 3 trials of 40 cards each. 
(Expt. I.) 


The results (Table ITI) are shown in Figure 3 plotted against values of Equation (1). 
Although the linearity of regression at low values is good, the curvature at the top 
could not beignored. At thesame time certain theoretical difficulties with Equation (1) 
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became apparent. The question of extending the theory to multi-choice and multi- 
dimensional signals was under consideration, and for this the formula had formal 
disadvantages, most importantly that it is not symmetrical in the x's. Further, the 
probability distributions assumed by Wiener in deriving his result did not seem to be 
the correct ones here. Further search was therefore indicated. 


TABLE III 
TIMES ron SORTING By NuMBER Or Spots (EAcH TRIAL 40 CARDS) 


II —"————ÀÁÁá — M——————— a 0.4 o€—- € 


Pre- 
1/10 5/10 8/12 9/12 8/10 10/12 arranged 
Subject K | 31-4 (1)| 304 342 37:0 (1) | 39:8 (1) 2:4 (1) 214 
3r8 31:6 332 35:6 (1) | 392 (3) | 40°6 (1) 2277 
324 (1) | 32:8 374 38:6 (2) | 43:8 (4) 
m S | 28:0 (r)| 31:1 314 350 36:2 38-0 (3) 22:7 
274 30:0 (1) | 292 354 (1) | 390 40:6 (3) 21:6 
28-0 30:2 31:6 364 37:2 (1) 
” C | 29-0 (1) | 322 342 36:2 39:6 (2) | 456 (2) | 214 
29:0 334 (2) | 344 344 40°8 (4) | 44:0 (2) 
29:6 334 34:4 (1) | 362 (2) | 40-4 (2) 
” D | 29 330 340 (1) | 340 400 (2) | 452 (5) | 227 
2 4 32:0 350 394 (3) | 394 (2) | 424 (5) 
28:2 3r6 358 (1) | 366 (2) | 412 (2) 
Entropy | rbit | í 1 1 : T g 
Confusion... 0:30 1:00 1I 2:42 3:08 3:82 
Measurement 
information | o:15 1:00 1:55 2:00 die cS 
Statistical 
i 2 125 20:25 27:50 
measure ..| 0:38 Bigs) e| 10:25) I E zo 


(Figure in brackets are number of misplaced cards.) 


(b) Statistical Operations carried out by the Brain. 


: i k own “a priori” to be one of two alternatives 
a, When a signal of magnitude aa, em Pros by ch the brain dede 
which Ue two it is may well be akin to the usual statistical method for testing 
etween two hypotheses givena smallsample. Let ONES dien We brain, in effect, 
Makes a series of successive independent wo de dm hs A and averages them 
Further let the observed values be distributed normally With mean vq and coefficient 
DiSariatión P. EE constant (the assumption of a constant standard deviation 
leads to obviously wrong results), roid let each observation take Bb seconds. The 
standard deviation of the mean of n observations will be given by— 
om — V -xalv/n . . ss x wa ve X9) 


The probability of error will be small if decision is postponed until om is, say, 1/3 
of the es difference|x, — x| We can then write 


| xı — %2| = 30m = 3V . xa] yn 
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and since 1 observations take 71.84 seconds, the time required is 


z 2 
tmn ài K( 2 ) ‘Ae oo a ao #8) 
X; — Xp, 
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Fic. 3. Card-sorting by number of spots; paired signals of various ratios and 
constant magnitude. Choice-time per card plotted against values of the 
Information function given in Equation (1). (Expt. II.) 


According to this formula the discrimination-time should differ between the two 
alternatives, and it should also depend on the absolute value. In order to avoid these 
two undesirable features we can substitute for xq the arithmetic mean of its two values 
4, and x, obtaining for the time taken 


TOES I 


( ati) E (4) 


A4 — Xs 


| 
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This hypothesis was tested by replotting the data of Experiment II as shown in Fig. 4, 
but did not fit any better than the previous hypothesis, though the non-linearity 
appeared to be at the lower end this time. 


060 


O50 o 


ies. 


0-40 


SEC. 


0:30 


020 


010 


1 
xfx, hz 
o 5 10 29 +x, y 30 
4x,—- X2 


i ; paired signals of various 
"iG. 4. Card-sorting by number of spots; paire i 
dera Ri arare Choice-time per card plotted against 
values of the Statistical function given in Equation (4). (Expt. IT.) 


(c) Confusion between Signals. 
When the second approach outlined above broke down the problem was restated 


in E . Anew function, the Confusion-function, emerged from this line 
Rae RT eed to be similar to the Information function, but to be both 
algebraically more manageable and to give a better fit to the data. The argument 
by which it was obtained runs as follows. Ud a, 
Consider two signals S, and Sa which can be distinguished by the fact that they 
possess different values x, and xs of a physically measurable characteristic x. (In 
Lemmon's experiment, for example, x would be number of lights or total light 


186 QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY 


intensity. We require a function of the two variables x,, x, which will increase 
monotonically as they become more difficult to distinguish. We can consider Sy E 
as points in a space of one dimension located at distances x,, x, from the origin. 
The ease of distinguishing between them might then be expected to depend on the 
"distance" between them. The simplest possibility, that the distance is | x, — xs] will 
not do since the ease would then depend on the absolute difference between the signals, 
and we know from experiment that it depends rather on their ratio. In order to make 
the distance dependent on ratio rather than on absolute difference, we can take 
logarithms and measure in the space of log x. The "distance" then becomes 


D(S,, Sj) = | log x, — log x; | = | log (x,/%2) | .. = EU) 


This "D-function" gives the ease of discrimination for S, and S,. We require on the 
contrary a function giving the difficulty; we therefore take the reciprocal and obtain— 


€($,$) = 1/D(Sy, S) = 1/ |logx,—logxs|..  ..  .. (0 


tog. (22) "MENTEM. 


These expressions are symmetrical in the x's, which we can express by writing 
C(S,, Sa) = C(S;, Sj). 


If more than one dimension is being used in discrimination, the distance D can be 
calculated in the usual geometrical way by taking the square root of the sum of 
Squares of the separate distances. The function of Equation (6) has been named a 
"Confusion-function" since it measures the tendency to confusion between S, and Se 
The choice of the base of logarithms is at our disposal; it sets the scale. The base 2 
has been used here, since the unit is then simple, being the confusion between two 


signals one half the size of the other. Values of the function are given in Table IV 
for integral x,, x, from I to ro. 


— IJ 


TABLE IV A 
VALUES OF THE CONFUSION-FUNCTION FOR INTEGRAL ARGUMENTS 
X 
aa a 2 3 4 5 6 7 8 9 Fe 
I * L'00 0:63 0:50 0:43 0:39 0:30 0:33 0:31 030 
2 = L'/1 00 0:76 0:63 0:55 050 046 0:43 
3 * 2:41 1:36 1-00 082 071i 063 058 
4 s 3:13 íi 1:25 1-00 0:86 0:76 
5 ii 3°82 2:07 1:48 1-18 1-00 
6 * 4:51 2:41 I:71 1:36 
7 x 5-18 2-76 1-94 
8 * 5:88 3:313 
9 * 6:58 


SS a a 


The results of Henmon for pairs of lines and pairs of tones (produced by loaded 
tuning-forks) are shown plotted against the corresponding values of the Confusion- 
function (7) in Figure 5. It will be seen that the data do not depart markedly from 
straight lines, and that the curves for visual and auditory tasks fit together sur- 
prisingly well in the case of subjects “S” and “W.” Subject “H” shows a rather 
different picture, his times are surprisingly low for so difficult a discrimination. 
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| The data of Experiment II were again replotted (Fig. 6) and this time there was 
no evidence of departure from linearity. Analysis of variance showed that the points 

! — did not depart significantly from the calculated regression-line. The conclusion was 
drawn that the Confusion-function is a good measure of discrimination difficulty in 
the case of visual judgments of number. 
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Fic. 5. Results of Henmon (1906) replotted against values of the 


Confusion-function given in Equation (7). 


In this and similar experiments on visual number the threshold (for judgment 
Without counting) lies at or about 5 C-units. Above this point no reliable results are 
Obtained because either the subject makes many errors or is forced to count the spots 


Instead of making an immediate decision. 


Experiment III. Discrimination of Wi eights by Lifting. 

The outcome of the previous experiments substantially confirmed our third 
hypothesis with a visual display. If, as was hoped, the confusion function is of general 
application, one should be able to interpret results obtained in other sensory modes 


by its use. 
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An experiment was devised to test whether the same relation would hold good in 
weight judging. Two groups of 8 small aluminium cans were loaded with two different 
weights, mixed and placed in a row on the table in front of a seated subject. At the 
word “go” he lifted first a sample Light and a sample Heavy can, then worked down 
the row with his right hand, weighing each can between his finger and thumb, and 
moving “Heavy” cans away from him, "Light" ones towards him, at top speed. The 
whole performance was timed on a stop-watch, and took 10 to 20 seconds. The weights 
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Fic. 6. Card-sorting by number of spots; paired signals of various ratios and 
constant magnitude. Choice-time per card plotted against values of the 
Confusion-function given in Equation (7). (Expt. II.) 


were varied systematically in order to provide tasks with various Confusion-values 
according to Table IV. The experiment is a modified form of the classical experiment 
on the differential threshold for judgment of weight. Easy judgments are made, and 
the time taken is measured instead of proportion correctly judged. A "standard" is 
found to be unnecessary, its place being taken by the rapidly presented sequence itself, 
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Which provides its own standard. The manual dexterity of the subject must be good 
for consistent results. Care was taken to avoid providing cues other than weight. 
Times for one subject are shown in Figure 7. It will be seen that a straight line of 
Slope 0:23 sec. per confusion-unit fits well. 
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Time taken to sort paired weights of various 
t values of the Confusion-function given in 
ts a single trial of 16 items. (Expt. III.) 


Fic. 7. Sorting by weight. 
ratios by hand plotted agains 
Equation (7). Each point represen 


The results of Experiments I to III all strongly support our third formal argument. 


The Confusion-function of Equation (6) appears to be a good measure for the difficulty 
Of discrimination of visual, auditory and kinaesthetic signals over a range of 
Conditions. We may expect that the same equation would yield good results for 


9ne-dimensional signals in other sensory modes. 


IV 
CONFUSION BETWEEN SIGNALS IN A MurTr-CHOICE TASK 


Since experimental support for the Confusion-function as applied to two-choice 
discriminations was encouraging, the next step was to extend the treatment to multi- 
Choice ones. The conclusions so far reached in this field are not as clear as could have 

een hoped, but will be reported in brief. Some extension to the theory is first 


Tequired. 
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Let us consider a sequence of signals in which » different alternatives S}, Sg- . -++ 
Si. - -Sn may occur; let them occur independently in the sequence with equal fre- 
quencies; further let each be recognizable only by its measure in a single dimension, 
the values being x;, x53..x;..xg. We wish to measure the Confusion for the set of n; 
that is, the average difficulty of deciding which of the Ss a given unknown Q is. In 
the two-signal case, the measure we arrived at was that of the Equation (6); in order 
to extend it to the more general case we must make some assumption about how 
confusion-values combine. The confusion on a particular signal might be governed 
only by its "nearest" neighbours; or all the alternatives might play a part according 
to some rules of combination. We consider here only the second hypothesis, since it 
is the more general, and we suppose confusions to be additive. The operation we may 
imagine a subject's brain to perform is this. When a signal Q arrives, it is tentatively 
identified as one, Sj, which will in most cases be the correct one. The signal or its copy 
is then compared successively with every other possibility, Sj, and the answer 
"different" is obtained for each after a time proportional to the confusion C,; between 
thetwo. Only after all these answers have been obtained will Q have been positively 
identified as Sj. Since the time taken in each comparison is proportional to Cij, the 
time to identify S, will be 

n 
îi —A.XC4—A.C(i) .. .. Q 
j=i 
Since S; occurs 1/7 times per signal, its contribution to the time-per-signal will 
be A.Cı/n and the average time over the whole sequence will be (we consider at 
present only the case of equiprobable signals) : 


t= xc um INEO. (9 

Remembering that C; = Cj, the — (8) can be simplified to yield: 
t=A.C(n) =A E (Confusion summed overallpairs).. — .. (9) 
As an example we may take a three-choice sorting task in which cards of 


3, 5, 7 dots occur with equal frequency 


C (3) = C (3, 5) + C (3, 7) = (1:36 + 0:82) = 2:18 

C (5) = C (5, 3) + C (5,7) = (1-36 + 2707) = 3.43 

C (7) = C (7, 3) + € (7, 5) = (0°82 + 2:07) = 2:89 

8:50 

and averaging these same 
€ (3,5, 7) = C (3)/3 + C (5)/3 + € (7)/3 = 2/3. (1:36 + 0-82 + 2:07) = 2:83. 


Experiment IV. 


Cards of type (ii) were put together in various combinations of up to five numbers; 
a wide range of discrimination difficulties was selected. The experimental procedure 
remained as before except that the pack was larger. Values of "confusion" were 
calculated for each combination by the use of Equation (9) and Table IV. No important 
difference from the two-choice task was observed in the way subjects approached the 
new more complicated sorting task, nor in their performance at it. Six young adult 
subjects were tested. The results are given in Table V, and one subject's times are 
plotted in Fig. 8. It is hardly fair to claim that the data fit our hypothesis perfectly ; 
yet the points for different numbers of choices from 2 to 5 do not diverge noticeably 
and on the whole a straight regression-line seems the best choice. Two factors may 


| 


| 
| 


THE MEASUREMENT OF DISCRIMINABILITY IQI 


account for the few “wild” points; practice effect which could not be entirely balanced 
out, and the use of “blank” as one of the signals. The latter should have zero confusion 
with all other alternatives, but times are higher than would be expected on this basis. 
We tentatively conclude that the Confusion-function fits multi-choice tasks of up to 
5 alternatives of a one-dimensional signal. 


TABLE V 


MULTI-CHOICE SORTING BY NUMBER OF Spots. VARIOUS DEGREES 
OF DISCRIMINABILITY 


————————————————————72—L  —— 
N| H C B R I5 S D G Task 
2 1.00 | 0:76 0:845 2,5 
1:00 | 0-820 | 0:813 0:875 o:819 | 0:787 || T, 2, etc. 
II (0-920) 0-809 0-822 2,3, etc. 
2:42 0:918 0:932 3,4, etc. 
3:08 0:962 I'OII 1:085 0:978 1:127 | 0:925 4, 5, etc 
3:82 1-164 1:125 1:300 5,6 
4.50 1-133 | (1:825) | (1:205) | 1-825 1:170 6,7 
—] 
3 1:58 | 0:67 0:914 0, I,2 
1:67 || o:935 | 0:918 0:968 0:856 | 0-980 | 0:877 1,2,4 
3:42 1:078 1:020 1:135 r:088 | 0:926 2; 354 
4°85 1-017 345 
" 5:74 | 1236 45,6 
—— | 
4 2:00 | 2:17 || 0998 | 0:982 0:909 1:100 1,2,4,8 
4°23 1:218 2,34, 6 
4:63 1:161 | 1:087 1:181 | r:050 3,4,6,8 
6:75 || 1:254 4,5,6,8 
6:90 1:077 3.4.56 
5 Aah | ms 1:048 2 1.001 0,3, 254, 8 
; PE 1:184 i125 26 1'106 | 2,3,4,6,8 
6-01 1:470 3, 4, 6, 8, 10 
7.89 1:480 4, 5, 6, 8, 10 
8-95 1:540 3.4,5,6 7 
~] —| 
E r0 | ooo | 0:735 | 0783 0:845 0:772 0:815 | 07755 o, I, etc. 
MT | 0-00 | 0-00 | 0-474 | 9:583 | 9:599 0:583 | 0:587 | 0-600 


— Entropy per card; C — Confusion value. Each entry 


(N = number of choices; H » S 
r 120 or more cards. Figures in the task column are 


is a time per card averaged ove 
numbers of spots.) 
Vi 
GENERAL DISCUSSION 


(1) Relation of these results to Information Theory findings. 

The reader will have noticed that in Experiment IV the information-per-signal was 
greater for some conditions than for others; a two-choice task carries 1-00 bits of 
selective information per card and a five-choice 2:31 bits. If an information-rate of 
5 bits per second be assumed, the corresponding time-difference should be 0:26 second. 
No account of this has been taken in calculating the confusion values for each task 
which yet fit the data well. In other words, if discriminability is held constant, no 
increase of time with information-content occurs, within the limits of accuracy of 


this experiment. 
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In theory discriminability (or confusion) and information content should be inter- 
related at least for signals in one dimension when an upper limit is set to signal size. 


o , 
7 
y L4 
a 
. z 
1-40 d 
Jf 
4 
a 
2 
^ 
z 
A 
ae 
d e 
6e 
1:20 ~ 
o ri 
9 
vod 
SEC. d 
d 
" 
a 
roo fa 
9 y 
“ o 
© 2 
^ 
^ 
^ 
er. 
2 » 
a =--- t =0084.C + 0-765 
Ve ( 19 ‘c-units/sec) 
0-80 E 
zx i, 20474 sec. 
m 
o 
o 20 40 6o D 
CONFUSION 


Fic. 8. Card-sorting by number of spots; 2, 3, 4 and 5-choice tasks of various 

degrees of discriminability. Time per card is plotted against values of the 

Confusion-function given in Equation (9). Results of Subject B only are shown. Wi 
(Expt. IV.) 


For if information content is to be increased, more signals must be fitted or “coded! 
into the signal space; they must then be closer together and so more confused. In 
previous experiments on Information Theory signals were certainly not one- 
dimensional, and the discriminability was not controlled; herein may lie the key: to 
our inconsistency. It may be that simple dependence of choice-time on information 
content is the limiting case which occurs when the number of dimensions is large 
Further work is necessary to resolve the difficulty. 


(2) Relation of results to the Weber-Fechner Law. 
) Weber's law states, in brief, that the just noticeable difference between sensory 
stimuli is a constant fraction of their absolute magnitude (Weber, 1834). 
A 


= — a constant (the Weber Fraction) 


where As = a just noticeable change 
s = physical stimulus magnitude. 
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This equation was integrated by Fechner and stated as a law relating stimulus and 
sensation (Fechner, 1860). 


s S = sensation magnitude 
Pus loe( abr Be) K =a constant 
P = the threshold stimulus. 


He further explored the implications in some detail, developing among other 
expressions an ‘‘Unterschiedsformel” (1860, p. 89), which is similar to our Distance- 
function of Equation (5). Since Fechner put forward his law there has been much 
debate over the validity of measuring sensation in this way, but none about the 
mathematical form of the law. The idea that a scale of sensation can be set up is 
perhaps reasonable on the evidence of introspection, but critics object that unwarrant- 
able assumptions underlie the procedure by which the law is arrived at (see, for 
example, Henmon, 1906, pp. 5-11). Fechner's formulation rests implicitly on the idea 
that a just-noticeable difference is the unit of sensation; an alternative (Method of 
Equal-appearing Intervals) requires an observer to match two pairs of stimuli for equal 
difference of sensation. Neither of these judgments is introspectively definite enough 
to support a positive theory. But the logarithmic transformation of stimulus magni- 
tude has long been recognized to be important in some sense (according to Fechner it 
was first suggested by D. Bernoulli in 1738 in a paper entitled "Specimen Theorie 
nove de Mensura Sortis") Our results perhaps provide the basis for a more 
operational interpretation of Fechner's law in the following way. 

One would expect to find it easier to distinguish between very different sensations 
than between ones nearly the same. If now we suppose this difference of ease to be 
manifested in an inversely proportional difference of time, we may write for the time 
taken to distinguish sensations $, and Sẹ: 

k 
#(z, 2) = SES, 


and substituting for S}, $, from Equation (10) (Fechner's law) we obtain 

k 
. log s/B — log s/f 
Apart from the threshold constant, B, this relation is identical with the Confusion- 
function which we have obtained by another route and verified experimentally without 
any consideration of thresholds or subjective matching. Our Confusion-function may, 
therefore, be regarded as a new version of the Weber-Fechner law extending it to 
discrimination in general and giving it an operational interpretation in terms of 
response-time. The precise relation of our results to threshold phenomena has not 
been worked out; but it is at least possible that existence of a threshold may be 
accounted for by supposing the time over which discrimination can improve to be 
limited. In Experiment II the time-limit would be about 3 second. 


t (1,2) 


(3) Perception and recognition. A Mo. E 
'The process we have been studying can as well be called "recognition" as ‘‘discrimi- 


nation"; and perception has been sufficiently shown to be primarily a process of 
recognition of previously established and expected signals. The difficulty of recogni- 
tion, or likelihood of confusion, can be calculated from a knowledge of the appropriate 
physical dimensions of the display, in the simple cases we have studied. In principle, 
the same method should be applicable to the much more complicated recognitions or 
perceptions of everyday life, in the same way that the physical laws of motion could 


be applied to a game of football. 
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(4) Span of apprehension. 


Our experimental display is similar in important respects to that used in the 
classical type of experiment on span of apprehension. In both the subject is required 
to decide how many spots there are in a random group, given only a short exposure. 
The crucial difference is that in the card-sorting only a small set of numbers may 
occur (e.g. sorting fours from threes) whereas in the more usual tachistoscopic presen- 
tation any number up to about fourteen may occur. Our results show that the: 
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Fic.9. A theoretical curve of the Relative Difficulty of locating Positions 
in a Sequence of 1o items, calculated from the Confusion-function of 
Equation (7). 


difficulty of distinguishing a particular number of spots from another depends on their 
ratio. This ratio when calculated for pairs of adjacent digits, diminishes successively 
and reaches threshold at about six or seven. Thus 5 and 6 can be sorted without 
counting and sometimes 6 and 7, but hardly ever 7 and 8. If the actual number is 7 
the subject will be unable to say that it was not 8 and will make many errors, But if 
asked to sort 8 from 1o he can do it easily. The existence of the so-called Span of 
Apprehension seems therefore to be due to the fact that the ratio between adjacent 
digits becomes smaller as the digits become larger. The idea that the mind can only 
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grasp a small number of objects at once, remains quite unsupported by the evidence, 
if indeed it has any meaning at all. 


(5) Memory and. Position of symbols in a sequence. 


It may be possible to explain some results in the learning of sequential material 

by the use of our Confusion-function. Let us consider a sequence of symbols, say 
, Nonsense syllables, which is to be learned; position in the sequence can be regarded 
as a one-dimensional variable, and each symbol will have one value of this variable 
associated with it. The likelihood of confusing the zth position with the (n + x)th 


Will be given by sog 17) which increases steeply with » (table IV). If the 


Sequence is endless, the difficulty of placing increases indefinitely, but if it has an end, 
symbols after the middle are easier to deal with by working from the end backwards. 
A plot of difficulty against position on this basis gives a symmetrical curve (Figure 9), 
With which observed error-scores may be compared. 
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